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In earlier studies a group of 4 subjects was maintained for 147 days 
and another group of 4 subjects for 88 days on a diet containing not more 
than 0.15 mg. of thiamine (0.07 mg. for each 1,000 calories of the 
standard diet). This provision of thiamine represented a restriction to 
little more than a sixth of the amount of thiamine considered at the time 
to be the minimal daily requirement.? 


From the Division of Medicine, Mayo Clinic (Dr. Williams and Dr. Wilder), 
the Division of Biochemistry (Dr. Mason) and the Department of Neurology 
and Psychiatry, the Mayo Foundation (Dr. Smith). 

* Presented in abstract to the American Institute of Nutrition, Chicago, April 
16, 1941. A preliminary report of this study has been published (Williams, R. D., 
and Mason, H. L.: Further Observations on Induced Thiamine [Vitamin B:] 
Deficiency and Thiamine Requirement of Man: Preliminary Report, Proc. Staff 
Meet., Mayo Clin. 16:433-438 [July 9] 1941). 

1. Williams, R. D.; Mason, H. L., and Smith, B. F.: Induced Vitamin B, 
Deficiency in Human Subjects, Proc. Staff Meet., Mayo Clin. 14:787-793 (Dec. 13) 
1939. Williams, R. D.; Mason, H. L.; Wilder, R. M., and Smith, B. F.: Observa- 
tions on Induced Thiamine (Vitamin B,) Deficiency in Man, Arch. Int. Med. 66: 
785-799 (Oct.) 1940. 

2. The minimal daily requirement of thiamine for a man was set by the 
Technical Commission of the League of Nations Health Committee (Report by 
the Technical Commission on Nutrition on the Work of Its Third Session, Bull. 
Health Organ., League of Nations 7:460-502 [June] 1938) at 300 international 
units (0.9 mg.). The minimal daily requirement for thiamine for a man recently 
promulgated by the Food and Drug Administration of the Federal Security Agency 


(Footnote continued on next page) 
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The disease induced by this severe, isolated restriction of thiamine 
minutely resembled in the early stages the disturbance which commonly 
is known as “anxiety neurosis,” but which the discriminating psychi- 
atrist designates as “neurasthenia.” At the end of the period of depriva- 
tion of thiamine the clinical picture was that of anorexia nervosa, 
Inactivity, apathy, serious derangement of metabolic processes, loss of 
weight and, finally, prostration, were observed in all subjects. None 
of these signs and symptoms developed in other subjects who received an 
identical diet supplemented with not less than 0.95 mg. of thiamine 
hydrochloride administered in disguised forms. This provided a total 
intake of 1.1 mg. of thiamine. 

The severe restriction of thiamine in these earlier studies and the 
attendant loss of body weight induced a syndrome which undoubtedly is 
encountered infrequently in clinical practice. Such extreme deprivation 
of this vitamin would be unlikely to occur in a population at large. 
Therefore, in the study now being reported the intake of thiamine was 
restricted only to 0.45 mg. (0.22 mg. per thousand calories of the diet), 
an amount not much if any below that provided by the “poor” diets 
reported in the Stiebeling-Phipard* survey of purchases of food by 
American families. 

METHODS 

The nutrition division of the Rochester State Hospital, in which these studies 
have been conducted, consists of a diet kitchen, utility rooms and room space for 
twenty beds. It is isolated from the rest of the hospital. Three nurses, a dietitian, 
a laboratory assistant and a physician devote full time services to investigation. 

Persons for study are selected tentatively, transferred to the division and pro- 
vided with an ample diet so that a good nutritional status can be assured. During 
this period of several weeks or months they become familiarized with ward routines 
and analytic procedures and are closely observed prior to their final selection. 

Aiter such a period of preliminary observation 11 white women between the 
ages of 23 and 46 years were chosen as subjects for the experiments reported here. 
The selection was made on the basis of their willingness and ability to cooperate, 
absence of a history of recent abnormal nutrition and absence of significant manifest 


(Federal Register, Nov. 22, 1941) was 333 international units (1.0 mg.). The 
daily allowances of thiamine recommended by the Committee on Food and Nutrition 
of the National Research Council (Recommended Daily Allowances for Specific 
Nutrients, Medical Preparedness, J. A. M. A. 116:2601 [June 7] 1941), accepted by 
the National Nutrition Conference for Defense (The National Nutrition Conference, 
Pub. Health Rep. 56:1233-1255 [June 13] 1941) meeting in Washington, D. C., May 
26-28, 1941, were 1.8 mg. for a moderately active man, 1.5 mg. for a sedentary man, 
1.5 mg. for a moderately active woman and 1.2 mg. for a sedentary woman. 

3. Stiebeling, H. K., and Phipard, E. F.: Diets of Families of Employed 
Wage Earners and Clerical Workers in Cities, Circular 507, United States Depart- 
ment of Agriculture, January 1939. 
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i] or emotional abnormalities. The subjects had been, and under direct super- 
son. continued to be engaged in various activities of the ward, such as housekeeping, 
laundering and sewing. Activity up to reasonable limits of ability was encouraged. 

lhe intake of thiamine of all 11 subjects was decreased for a period of 132 
davs, during which reactions to the restricted regimen were determined. The 
subjects then were divided into two groups. The first group of 5 served for study 
of more prolonged thiamine deficiency; the second group of 6 served for study of 
thiamine requirements. Progressively increasing amounts of thiamine hydrochloride 
were administered in disguised form to the subjects of the latter group. Since the 
environment and with the exception of the supplement of thiamine hydrochloride 
the dietary regimens of the two groups were identical, the second group served in 
some degree as a control for the first. However, we believed that the great 
variation in biologic material in groups of human subjects makes this type of control 
unreliable. Therefore, we have attributed to thiamine deficiency only such signs, 
symptoms and metabolic defects as have appeared on restriction of thiamine and 
disappeared within a reasonable period when thiamine hydrochloride was provided 
in amounts sufficient for repletion of tissue stores. Thus, in addition to control of 
group 1 by group 2, each subject served as her own control. 

The standard diet given to all subjects was composed exclusively of foods 
which commonly appear on American tables. It comprised white bread, corn flakes, 
potatoes, polished rice, sucrose, skimmed milk, beef, cheese, egg white, gelatin, 
butter, vegetable fat, canned fruits, canned vegetables, coffee and cocoa. Special 
attention was given to the appearance and palatability of the foods served. The 
thiamine content of each food used, as well as that of the composite diet, was 
determined by the thiochrome method as modified by Hennessy.5 Large stores of 
food, together with standardized technics of cooking them, made it possible to 
secure such uniformity that daily variations in the thiamine content of the standard 
diet as prepared did not exceed 0.04 mg. The standard diet® (table 1) provided 
().22 mg. of thiamine for each 1,000 calories. : 


4. The basal metabolic rate of subject 11 was + 20 per cent, and that of subject 
10 was —17 per cent. All subjects had been under treatment for psychiatric 
abnormalities. They were, however, “recovered” and fully capable of exercising 
a decision in volunteering for this service. In addition, the consent of relatives 
and guardians was always secured. Possible criticism of these studies on the ground 
that patients “recovered” from mental disease might be expected to experience 
psychiatric disturbances from any change of environment or any nutritional defi- 
ciency is answered by the conditions of the control. Every experiment involved a 
long foreperiod, a long period of restriction of thiamine and a long afterperiod. 
Only among those subjects deprived of thiamine did the abnormalities we are 
attributing to thiamine deficiency develop, and they responded to treatment with 
thiamine, administered without their knowledge, by full and complete recovery 
from the abnormalities in question. Furthermore, these abnormalities did not 
develop among other groups of subjects deprived of riboflavin but not of thiamine 
and maintained in the same environment. The studies of deficiency of riboflavin 
are in progress and will be reported later. 

5. Hennessy, D. J.: Chemical Method for Determination of Vitamin Bi, 
Indust. & Engin. Chem. (Analyt. Ed.) 13:216-218 (April 15) 1941. 

6. Chatfield, C., and Adams, G.: Proximate Composition of American Food 
Materials, Circular 549, United States Department of Agriculture, June 1940. 
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The caloric intake was adjusted to the requirement of each subject by the 
giving of larger or smaller servings of the standard diet. Selection of one food 
on the tray and refusal of another was not permitted. By this means the ratio of 
thiamine to calories was held nearly constant. Approximately 60 per cent of the 
calories were derived from carbohydrate, 14 per cent from protein and 26 per cent 
from fat. To provide, so far as could be judged, an ample supply of iron and 
calcium and complete adequacy of vitamins other than thiamine, the diet was 
supplemented with 20.0 Gm. of autoclaved brewers’ yeast, 0.1 Gm. of halibut liver 
oil with irradiated ergosterol (5,000 international units of vitamin A and 1,000 
international units of vitamin D), 80 mg. of ascorbic acid, 0.2 Gm. of exsiccated 


TABLE 1.—Composition of Standard Diet * 























Grams 
A ——a 
State of Carbo- 
Preparation Amount hydrate Protein Fat Calories 

Special recipe 180 94 15 4 472 
As purchased 30 isha onan 24 216 

Served as 10% 
solution 20 10 7 68 
Cornflakes ................ As purchased 15 12 1 ica 52 
Beef (rib cut) ......... Roasted 75 sie 23 11 191 
—  ————>>——eEE Baked 7 14 2 noes 64 

Cheese, American 

ChEAAL ........0000000055 As purchased 30 ant 8 10 122 
Polished rice, dry... Boiled or steamed 33 26 3 aie 116 
GE cttendinsthienstnncsse Special recipe 100 15 2 as 68 
Apple jelly ...... ee Commercial 20 14 oe ads 56 
String beans ... *. Canned 75 3 1 a 16 
Carrots ........... ‘ase Canned 50 4 1 20 
Peaches ...... mas Canned 130 24 1 ass 100 
PORES .xicsercccecee sani Canned 130 24 ane oti 96 
IE Scctiicsentontis aa As purchased 30 30 io ote 120 
CIEE citienessvesee .. Special recipe 20 19 shiniy = 76 
Cake or cookies....... Special recipe 40 22 2 5 141 
Total (by calculation) ........................ 311 66 54 1,994 





* The content of thiamine was approximately 0.2 mg. per thousand calories. The 
standard diet was supplemented by 0.1 Gm. of halibut liver oil with irradiated ergosterol 
(5,000 international units of vitamin A, 1,000 international units of vitamin D); 20 Gm. 
of brewers’ yeast (autoclaved) ; 80 mg. of ascorbic acid; 0.2 Gm. of ferrous sulfate, 
exsiccated, and 0.6 Gm. of tricalcium phosphate. 


ferrous sulfate and 0.6 Gm. of tricalcium phosphate. All subjects subsisted on 
this regimen continuously from July 25, 1940 to June 1, 1941, and evidence of 
deficiency of riboflavin, nicotinic acid, ascorbic acid or vitamin A or of any deficiency 
not attributable to thiamine was not observed in any of them at any time. 

The urine of every subject was analyzed for thiamine not less frequently than 
once a week. The method of Hennessy and Cerecedo was employed. These 
analyses not only served as an index of the degree of deprivation of thiamine; 
they provided a check or control of the intake of thiamine. 

Body weight, physical and neurologic signs and symptoms, tolerance for exercisé, 
electrocardiographic changes, size of heart as determined by roentgen examination, 
gastric analysis, dextrose tolerance, values for sugar? in blood drawn while the 


7. Miller, B. F., and Van Slyke, D. D.: A Direct Microtitration Method for 
Blood Sugar, J. Biol. Chem. 114:583-595 (July) 1936. 
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ubjects were fasting and for serum protein,’ blood content of pyruvic acid ® and 
lactic acid,!® serum calcium and phosphorus, basal metabolic rates and gastro- 
intestinal motility were determined periodically on every subject. These examina- 
tions were made (1) during the period of preliminary observation, (2) during a 
subsequent period of restriction of thiamine and (3) again during a recovery 
period, in which the administration of thiamine was the only change in the regimen. 
[he estimates of gastrointestinal motility were based on roentgen examinations 
made at intervals for thirty minutes and roentgenograms made half an hour and 
ne, two, three and five hours after ingestion of a barium sulfate meal. 


RESULTS 


Observations in the Period in Which the Diet Was Deficient in Thi- 
umine.—Restriction of thiamine was begun on July 25, 1940. Disturbing 
symptoms necessitating administration of thiamine developed in 1 
instance (subject 11, table 2) in 89 days. However, in 3 cases (sub- 
jects 1, 2 and 3) the restriction of thiamine could be continued for 131 
days, in 5 (subjects 4, 5, 6, 7 and 8) for 169 days and in 2 (subjects 
¥ and 10) for 196 days. 

The apparent * amounts of thiamine in the urine in most cases 
decreased within 30 days to low levels of 15 to 30 micrograms daily. 
The time of onset of signs and symptoms of deficiency of thiamine 
varied. In general, the more active subjects were the first to reveal 
evidence of abnormality. The most conspicuous of the early abnor- 
malities observed in all subjects after 8 to 12 weeks of restriction of 
thiamine were gross changes of behavior, marked changes of attitude, 
diminished inclination to perform accustomed tasks and progressive 
decrease of ability to make social adjustments within the group. A sum- 
mary of the daily intake of food, intake and excretion of thiamine and 
the clinical status of representative subjects during the period of pre- 
liminary observation, during the period of restricted intake of thiamine 
and during subsequent periods in which the diet, restricted in content 
of thiamine, was supplemented with thiamine hydrochloride is presented 
in tables 2, 3, 4, 5 and 6. 

It should be emphasized that these were unmistakable, easily demon- 
strated changes of personality, which were reflected in attitude, behavior 
and effectiveness in performing tasks which previously had been per- 
formed readily. All subjects became irritable, depressed, quarrelsome, 


8. Kingsley, G. R.: A Rapid Method for the Separation of Serum Albumin 
and Globulin, J. Biol. Chem. 133:731-735 (May) 1940. 

9. Bueding, E., and Wortis, H.: The Stabilization and Determination of 
Pyruvic Acid in the Blood, J. Biol. Chem. 183:585-591 (April) 1940. 

10. Barker, S. B., and Summerson, W. H.: The Colorimetric Determination 
of Lactic Acid in Biological Materials, J. Biol. Chem. 188:535-554 (April) 1941. 

11. Mason, H. L., and Williams, R. D.: The Effect of Ingestion of Nicotinic 
Acid on the Determination of Thiamine in Urine by the Thiochrome Method, 
J. Biol. Chem. 140:417-422 (Aug.) 1941. 
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uncooperative and, without knowing why, fearful that some misfortune 
awaited them. Two became agitated, felt that life no longer was worth 
living and threatened suicide. All became inefficient in their work. 
In part this could be attributed to weakness, in part to inability to con- 
centrate, confusion of thoughts and uncertainty of memory, which 
required repeated consultation of spoken or written instructions. All 
subjects lost manual dexterity ; their hands and feet frequently felt numb ; 
they injured themselves and broke equipment. Those engaged in sewing 
were inaccurate and frequently dropped their needles. Those assisting 
in the kitchen and laboratory with dishwashing broke the crockery. 

It should be emphasized repeatedly that these abnormalities of 
behavior and efficiency had not been present during the period of pre- 
liminary observation, that they developed only after several weeks of 
restriction of thiamine and that they disappeared during a subsequent 
period in which the administration of thiamine, without the knowledge 
of the subjects, was the only modification of the experimental regimen. 

Many other complaints were voiced, such as headache, backache, 
unusually painful menstrual periods, sleeplessness, tenseness, formica- 
tion, inability to tolerate painful stimuli and sensitivity to noises. The 
significance of these subjective complaints is increased by the fact that 
the subjects were selected because they previously had not been 
complainers. 

In this study of moderate restriction of thiamine the manifestations of 
deficiency were in many respects similar to those encountered in our 
earlier investigation of more severe restriction. In other respects they 
differed. Tolerance to exercise was affected less severely, and 5 subjects 
were able to do some work throughout the period of study. The exertion, 
however, was neither vigorous nor sustained. Finally, vigorous exertion 
became impossible. In general, manifestations of deficiency became 
progressively more severe. However, from week to week symptoms, 
signs and evidence of metabolic defects waxed and waned. Activity 
invariably would be reduced when weakness or nausea was experienced, 
and such periods of rest seemed to exert a recuperative effect, being 
iollowed by periods of relative remission of signs and symptoms. How- 
ever, the interval between remission and exacerbation of the manifesta- 
tions of deficiency became progressively shorter. 

Impairment of gastrointestinal motility could not be demonstrated by 
serial roentgen examination of the subjects in this study, although. 
anorexia with episodes of nausea and vomiting was observed in all cases 
and epigastric distress after meals was a frequent development. Also, 
constipation was the rule; diarrhea was unusual. 

Abnormally elevated values for sugar in blood drawn while the sub- 
ject was in the fasting state and high blood sugar time curves were fre- 
quently encountered when these examinations were made in periods of 
exacerbation of the symptoms of deficiency. The concentration of pyruvic 
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acid in the blood with the subject in the basal state sometimes wa 
elevated, but not to the degree encountered in earlier studies in whic! 
the diet had been limited more rigidly in the matter of content of thi- 
amine. The concentration of pyruvic acid in the blood after the intra- 
venous injection of solution of dextrose was abnormally high in several 
subjects. Bueding and his co-workers ** recently reported elevated 
values for pyruvic acid in the blood after the oral administration of 
dextrose to subjects with vitamin B, deficiency. We administered the 
solution of dextrose by vein because if the solution had been given 
by mouth, it would frequently have been vomited, and because the rate 
of absorption of the dextrose ingested orally could not be controlled. 
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Representative data concerning the concentration of pyruvate in the blood 
at various stages of deficiency are presented (fig. 1). Further study of 
this procedure as a test of thiamine subnutrition is in progress. Sub- 
ject 1 (fig. 1C) was much less severely affected by restriction of thi- 
amine than the other subjects; she was continuously engaged in ward 
housekeeping and remained fairly efficient throughout the period (131 
days) of low intake of thiamine. The blood pyruvic acid curve of this 
subject was not abnormal at any time, as compared with that of subjects 
in the control series. 


12. Bueding, E.; Stein, M. H., and Wortis, H.. Blood Pyruvic Time Curves 


Following Glucose Ingestion in Normal and Thiamine-Deficient Subjects, J. Biol. 
Chem. 140:697-703 (Sept.) 1941. 
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\bnormal electrocardiograms of the type previously reported ' were 
detected in only 3 cases. Representative electrocardiograms are illus- 
trated (fig. 2). Low blood pressure (85 to 100 systolic and 50 to 60 
diastolic, expressed in millimeters of mercury) and vasomotor instability 
were observed in all cases. Blood pressure decreased sharply, and fre- 
quently there were pallor, giddiness and swaying when the subject 
assumed the erect posture. At rest the pulse rates were slow (55 to 60 
per minute), but rapid pulse rates followed moderate exertion. Marked 
sinus arrhythmia developed in all subjects, and in 3 cases premature 
beats of auricular or nodal origin were detected by electrocardiographic 
examination. These 3 subjects periodically complained of palpitation 
and precordial distress. Other subjects also complained of precordial 
distress on exertion as well as of palpitation—often this awakened them 
from their sleep at night, causing anxiety on the score of “heart trouble.” 
Vasomotor hypotonia associated with the peripheral neuropathy of 
thiamine deficiency was recently reported by Wilkins and Kolb.** 
De Soldati ** reviewed the literature on circulatory disturbances in thi- 
amine deficiency and commented on his observation of low blood pressure 


13. Wilkins, R. W., and Kolb, L. C.: Vasomotor Disturbances in Peripheral 
Neuritis, Am. J. M. Sc. 202:216-221 (Aug.) 1941. 

14. de Soldati, L.: Los trastornos circulatorios de la avitaminosis B,:, Buenos 
Aires, El Ateneo, 1940. 








EXPLANATION OF Ficure 1 


Time curves of concentration of pyruvate in the blood following injection 
of a solution of dextrose (0.4 Gm. per kilogram of body weight given intra- 
venously in three minutes). Normal indicates the composite curve of 10 subjects 
whose intakes of thiamine were known to have been adequate. A, (1) Dec. 31, 1940; 
thiamine had been restricted for 159 days (July 25 to December 31). (2) Jan. 23, 
1941; thiamine had been restricted for 169 days (July 25, 1940 to Jan. 11, 1941), 
and 58 mg. of thiamine hydrochloride had been given in the 13 days (January 11 
to 23) prior to the test. (3) May 8, 1941; the intake of thiamine had been adequate 
in the 117 days (January 11 to May 8) prior to the test. B, (4) Nov. 18, 1940; 
thiamine had been restricted for 116 days. (5) Dec. 12, 1940; thiamine had been 
restricted for 131 days (July 25 to December 4), and 22 mg. of thiamine hydro- 
chloride had been given in the 7 days (December 4 to 12) prior to the test. 
(6) May 20, 1941; the intake of thiamine had been adequate for 81 days (March 1 
to May 20) prior to the test. C, (1) Oct. 7, 1940; the intake of thiamine had been 
restricted for 74 days (July 25 to October 7). (2) Nov. 14, 1940; the intake of 
thiamine had been restricted for 112 days. (3) Dec. 18, 1940; the intake of thiamine 
had been restricted for 132 days (July 25 to December 4), and 40 mg. of thiamine 
hydrochloride had been given in the 14 days (December 4 to 18) prior to the test. 
D, (4) Sept. 12, 1940; thiamine had been restricted for 49 days. (5) Sept. 30, 1940; 
thiamine had been restricted for 67 days. (6) Nov. 1, 1940; thiamine had been 
restricted for 89 days (July 25 to October 22), and 56 mg. of thiamine hydro- 
chloride had been given in the 12 days (October 22 to November 1) prior to the test. 
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in laboratory animals deprived of thiamine. Weiss ** has reviewed his 
studies on cardiovascular abnormalities associated with thiamine de1i- 
ciency. Elsom and co-workers** demonstrated that deficiency of 
thiamine was the etiologic factor in cardiovascular abnormalities which 
they observed in subjects with induced deficiency of the vitamin B 
complex. 

Anemia, not detected in the earlier experiments, in which loss of 
weight had occurred, was observed in 5 subjects. It was of considerable 
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Fig. 2—Typical electrocardiograms, made during the period of restriction of 
thiamine (July 25, 1940 to Jan. 13, 1941) and during subsequent periods (January 
14 to May 30) in which the diet was supplemented with thiamine hydrochloride in 
increasing amounts. 


degree (3,000,000 to 3,500,000 erythrocytes per cubic millimeter of 
blood) and was hyperchromic and macrocytic in type. In 3 cases it 


15. Weiss, S.: Occidental Beriberi with Cardiovascular Manifestations: Its 
Relation to Thiamin Deficiency, J. A. M. A. 115:832-839 (Sept. 7) 1940. 

16. Elsom, K. O.; Lewy, F. H., and Heublein, G. W.: Clinical Studies of 
Experimental Human Vitamin B Complex Deficiency, Am. J. M. Sc. 200:757-764 
(Dec.) 1940. 
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was associated with the development of histamine-fast gastric achlor- 
Jone marrow, obtained by puncture of the sternum, was in a 


varia 
| rl 
The platelet count was not decreased ; bleeding and 


hypoplastic state. 
clotting times were not prolonged, and there was normal retraction of 
the clot. Elsom and Sample called attention to macrocytic anemia 
in states of spontaneous deficiency of the vitamin B complex in 
pregnant women, as well as in subjects with induced deficiency of the 
vitamin B complex."® 
A decrease of the concentration of serum proteins was observed in 
cases, and in 5 of them values for serum protein ranged from 4.9 to 
5.7 Gm. per hundred cubic centimeters of serum. In general, when 
hypoproteinemia developed, anemia also occurred. A slight, pitting 
edema was observed in 1 case (subject 9). 
3asal metabolic rates were irregularly lowered by 10 to 33 points. 
This depression of basal metabolic rate occurred even in the absence of 
anemia or significant change of weight. In 1 case (subject 10) in which 
the basal metabolic rate was — 17 per cent at the beginning of the study, 
the rate decreased to — 25 per cent, a decrease of only 8 points. In 
another case (subject 11) in which the basal metabolic rate was +- 20 
per cent (postoperative recurrent thyrotoxicosis of mild degree), the 
rate decreased to — 3 per cent, a decrease of 23 points. Intolerance to 
cold was a frequent complaint during the period of restriction of thiamine. 
An observation which may be significant was the instability of the basal 
metabolic rate. Rates varied greatly from week to week, even though 
the results of two tests made on each test day were in close agreement. 
The clinical picture was that of a patient with a variable but usually low 
basal metabolic rate associated with little or no change in weight, together 
with bradycardia, fatigue and numerous somatic symptoms. Signs and 
symptoms encountered among patients presenting different levels of basal 
metabolism were recently reviewed by Short ** in an analysis of 1,000 


Ss 
5 


cases. 

The metabolic rates increased slowly when thiamine was again pro- 
vided, but in 4 cases (subjects 1, 2, 4 and 9) the rates that had obtained 
during the period of preliminary observation were not regained before the 
end of the period of observation. 

Observations in the Period in Which the Diet Deficient in Thiamine 
Was Supplemented with Thiamine Hydrochloride—The period of 
restricted intake of thiamine was terminated for 8 subjects by the sub- 
cutaneous injection of 1.0 mg. of thiamine hydrochloride, followed by 
administration of 3.0 mg. of the vitamin daily for 7 days and thereafter 


17. Elsom, K. O., and Sample, A. B.: Macrocytic Anemia in Pregnant Women 
with Vitamin B Deficiency, J. Clin. Investigation 16:463-474 (May) 1937. 

18. Short, J. J.: Incidence of Certain Signs and Symptoms at Various Levels 
of Basal and Total Resting Metabolism: Analysis of One Thousand Cases, Am. J. 
M. Se. 201:824-830 (June) 1941. 
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of 7.5 mg. daily. With the exception of the initial subcutaneous injection 
of 1 mg., the thiamine hydrochloride was administered orally in divided 
doses. In the period of restriction the subjects had been accustomed to 
receiving subcutaneous injections of physiologic solution of sodium 
chloride and to taking doses of a 2 per cent solution of acetic acid and 
capsules containing dextrose. The addition of the vitamin to these 
preparations was accomplished without their knowledge. Analysis of the 
urine for thiamine during the period in which the deficient diet was 
supplemented with thiamine hydrochloride provided evidence that the 
vitamin was being absorbed. 

Physical and mental efficiency and sense of well-being gradually 
improved when, without change of diet or environment, thiamine was 
provided. However, in contrast to the observation made in our earlier 
studies of severe restriction of thiamine, in which prompt relief of the 
signs and symptoms of deficiency disease followed the administration of 
thiamine, fatigue, anorexia, dyspnea, tachycardia on moderate exertion 
and bradycardia at rest persisted for a longer time than in the earlier 
study. 

The abnormal electrocardiographic patterns which were observed in 
3 cases disappeared gradually; abnormal blood sugar time curves and 
concentrations of pyruvic acid returned to normal slowly, and the return 
to previous levels of the lowered basal metabolic rates was delayed. 

This slow disappearance of signs and symptoms on treatment with 
thiamine of subjects submitted to prolonged, moderate restriction of thi- 
amine provides a possible explanation for the frequent clinical observation 
that persons who have subsisted on poor diets, who excrete little thiamine 
in the urine and in whom deficiencies of other nutritional factors have 
been corrected, nevertheless have not been strikingly benefited by inten- 
sive treatment with thiamine for short periods. 


Requirement of Thiamine.—In view of the possible influence of stored 
thiamine on the requirements of thiamine it appeared important to con- 
trast data concerning subjects with initially “good” stores of thiamine 
with data concerning others known to have depleted, or “poor,” stores 
of this vitamin in determinations of thiamine requirements. Therefore, 
3 subjects (1, 2 and 3) subsisting on the standard diet were given 
7.5 mg. of thiamine hydrochloride daily from Dec. 4, 1940 to Jan. 9, 1941 
(37 days). These subjects thus had the opportunity to accumulate stores 
of thiamine and hence of cocarboxylase. Three others (subjects 4, 5 
and 6) had been maintained for 169 days on the standard diet, which 
contained less than 0.45 mg. of thiamine daily. Their stores of the vita- 
min and hence of cocarboxylase undoubtedly were depleted. 

On Jan. 10, 1941 and thereafter until May 31, 1941 the intake of 
thiamine of these 6 subjects was made identical. All received the 
standard diet and progressively increasing amounts of thiamine hydro- 
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chloride administered orally in solution. The average amounts of thi- 
amine excreted at the increasing levels of intake are presented in table 7. 
‘The clinical courses of 2 of these subjects are shown in tables 3 and 4. 
The average amounts of thiamine excreted in the urine of the subjects 
with good stores and those who had depleted stores soon became essen- 
tially identical.’® In all subjects the first significant increase in excretion 
occurred when later the intake of thiamine was increased from 0.4 to 
0.5 mg. per thousand calories of food. The criterion of excretion thus 
indicated that 0.4 mg. per thousand calories was what may be called a 
“minimal” requirement for these subjects. However, an intake of less 
than 0.5 to 0.6 mg. of thiamine for each 1,000 calories did not suffice to 
prevent some degree of fatigue, irritability, poor appetite, insomnia, sore- 


TABLE 7.—Average Excretion of Thiamine During the Study of Thiamine 
Requirements * 








Excretion of Thiamine, 24 Hours 














No Test Dose “Test Dose” of Thiamine t 
Intake of Thiamine - 

ft “Good” “Poor” “Good” “Poor” 

Mg. Days Stores Stores Stores Stores 
7,500 37 3,960 cies? 5. | Osada ie, et? <a > ieeataliah 
400 5 — § eax Se ee 
i ee, ee eas 153 
600 22 127 58 325 224 
800 22 130 105 335 312 
1,090 20 214 181 399 383 
1,200 16 265 210 554 454 
1,400 14 397 381 632 592 
1,600 14 598 510 938 879 
1,800 13 651 590 1,090 902 
2,000 14 823 709 1,129 1,066 





*Subjects with “good” stores had received 7.5 mg. of thiamine hydrochoride daily 
for 37 days prior to the study of requirements; those with “poor” stores, less than 
0.45 mg. daily for 132 days prior to the study of requirements. 

7 One milligram of thiamine hydrochloride injected intramuscularly, 


ness of muscles, decreased activity and a general feeling of “poor health,” 
and on the basis of this information the desirable minimal level of intake 
of thiamine could be placed at 0.5 or 0.6 mg. per thousand calories. 
Under the conditions of this experiment, benefit was not observed to have 
been derived in any case from amounts of thiamine greater than 1.0 mg. 
for each 1,000 calories of the diet. 

We previously demonstrated the fact that physically normal women 
lost weight but maintained themselves for 3 to 6 months on a daily intake 
of 0.07 mg. of thiamine for each 1,000 calories of a mixed diet. In the 
present study physically normal women maintained their weight for 169 


19. Excretion of thiamine by individual subjects, together with a study of 
excretion after the injection of test doses of thiamine hydrochloride, are contained 
in a separate report (Mason, H. L., and Williams, R. D.: The Urinary Excretion 
of Thiamine as an Index of the Nutritional Level: Assessment of the Value of a 
Test Dose, J. Clin. Investigation 21:247-255 [March] 1942). 
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days on a daily intake of 0.22 mg. of thiamine per thousand calories 0 
mixed diet. They did not maintain good health. On the contrary, th 
all suffered impairment of physical and mental efficiency, with manife.: 
evidence of biochemical abnormalities. They lived on a plane of vitalit 
lowered by a deficiency of thiamine, a plane which could be raised again 
only by the administration of thiamine. 

Thus, our data indicate that the “minimal” intake of thiamine 
requisite to the maintenance of health, when the diet is of conventional 
composition with respect to proportions of carbohydrate and fat, must 
be more than 0.22 mg. for each 1,000 calories and that from 0.5 to 0.6 mg. 
for each 1,000 calories is necessary for the maintenance of efficiency. 


SUMMARY 


As previously reported, severe restriction of thiamine was found to be 
associated with states of inactivity, apathy, serious derangement oi 
metabolic processes, loss of weight and, finally, prostration. 

In the present study moderate, prolonged restriction of this vitamin, 
but not of food calories, was associated with states of emotional instability 
reflected by irritability and moodiness, quarrelsomeness, lack of coopera- 
tion, vague fears progressing to agitation, mental depression, variable 
restriction of activity and numerous somatic symptoms. Detectable 
metabolic disturbances, occurring irregularly, were of variable degree of 
severity and were reflected in disturbance of function of various tissues 
of the body. 

In all cases of induced deficiency of thiamine, mental and physical 
inefficiency preceded by weeks or months other more objective manifesta- 
tions of deficiency of thiamine. 

In previously reported studies subjects maintained themselves as long 
as 147 days on intakes of thiamine not greater than 0.07 mg. for each 
1,000 calories of the diet, but they lost weight and strength. In the 
present study subjects maintained their weight on an intake of 0.22 mg. 
for each 1,000 calories, but their physical and mental efficiency and their 
sense of well-being was greatly improved when 0.5 mg. of thiamine 
hydrochloride was provided with this number of calories. Thus, the 
data indicate that for the subjects of this study the “minimal” dail) 
requirement of thiamine was between 0.22 and 0.50 mg. for each 1,000 
calories of a diet providing carbohydrates and fat in conventional propor- 
tions. The data indicate, however, that the “optimal” intake was not less 
than 0.5 mg. or more than 1.0 mg. for each 1,000 calories of such a diet. 

Individual variations dependent on differences in the rate of metabolic 
exchanges of energy or material, as well as on environmental factors. 
activity, diet and intestinal absorption, must receive consideration when 
the requirement of thiamine of the individual person is judged. 











DUPLICATE MEASUREMENTS OF CIRCULATION 
TIME MADE WITH THE ALPHA 
LOBELINE METHOD 


ALFRED LILIENFELD, M.D. 
AND 
KURT BERLINER, M.D. 
NEW YORK 


Last year one of us (K. B.)* reported his experience with alpha 
lobeline hydrochloride as an agent for measuring the velocity of blood 
flow, a method originally proposed by Teplov and Sor.* Its advantages 
and disadvantages were commented on, and the conclusion was reached 
that it was a practical method for testing “circulation time.” We then 
planned to employ the test in evaluating the progress of patients who 
were under treatment for heart failure. The day to day variations 
observed in the same patient were considerable, and it occurred to us 
that factors other than changes in the degree of heart failure might be 
operative. To investigate this problem, a series of duplicate measure- 
ments was performed, the results of which are presented here. 


DESCRIPTION OF TEST 

The technic of the test has been previously outlined in detail!; a brief 
description will suffice here. Three to 5 mg. of alpha lobeline hydrochloride 
(0.3 to 0.5 cc. of the 1 per cent solution *) is rapidly injected into an antecubital 
vein. Several seconds later the patient coughs. The interval from the beginning 
of the injection to the onset of coughing represents the “circulation time” for that 
patient. If cough fails to appear, the test is repeated with 7.5 to 10 mg. of the 
drug ten to fifteen minutes later. 

METHOD 

One hundred patients were tested, 67 males and 33 females. They varied in 
age from 14 to 73 years, with an average age of 45 years. Thirty-nine patients 
were without evidence of heart disease; 61 were suffering from various forms 
of cardiac involvement. Of the latter group, 23 showed signs of congestive heart 
failure. The alpha lobeline test was performed twice on each patient. In 31 


From the Department of Cardiology, Sydenham Hospital. 

1. Berliner, K.: Use of Alpha Lobeline for Measurement of Velocity of Blood 
Flow, Arch. Int. Med. 65:896 (May) 1940. 

2. Teplov, I., and Sor, V. G.: Graphic Method for Determining the Velocity 
{ Blood Circulation by Means of Lobeline, Terap. ark. (no. 2) 18:57-80, 1935. 

3. The ampules of alpha lobeline hydrochloride used in this study were supplied 
y the Sandoz Chemical Works, Inc., New York. 
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instances the interval between tests was fifteen to twenty minutes. In the remain 
ing 69 the interval varied between twenty-five and sixty minutes (sixty minutes 
in 47 of these). Care was taken to make the conditions of the second test identical 
with those of the first as regards the dose, the gage of the needle, the speed 
of injection and the position of the patient. The patients were at rest during 
the interim. All tests were performed in the morning, between breakfast and lunch 


RESULTS 
The results of the first and the second test were identical in only 
3 cases. In most of the other 97 cases the difference in results between 
the first and the second test was considerable. In 12 cases the second 


TaBLe 1.—Comparison of the Results of the First and the Second Test in One 
Hundred Duplicate Measurements of Circulation Time 








Number of Duplicate 
Measurements Comment 
44 Results of first test higher 
41 Results of first test lower 
3 Results identical 
12 Second test a failure 





Tasie 2.—Differences in the Results of the First and the Second Test, 
Expressed in Percentages of the First Result, in One Hundred 
Duplicate Measurements of Circulation Time 








Number of Duplicate 
Measurements Difference 


3 None 
20 Less than 10 per cent 
2 10 to 19 per cent 


= 


" 


30 20 to 49 per cent 

9 58 to 99 per cent 

+ 100 to 199 per cent 

12 Second test a failure 





injection of alpha lobeline failed altogether to produce cough. Such 
failure of the second test occurred with about the same frequency in 
patients without heart disease as in patients with heart disease, regard- 
less of the presence of congestive failure. Table 1 summarizes the results 
and also shows that in 44 cases the result of the second test was higher 
than that of the first, whereas in 41 cases the result of the second test 
was lower. Table 2 illustrates the degree of difference in results, 
expressed in percentages. This was less than 10 per cent in only 20 
cases but as high as 50 to 199 per cent in 12 cases. In 52 cases, the 
largest group, differences in results varied from 10 to 49 per cent. 

Such factors as the age of the patient and the amount of alpha 
lobeline used did not affect the difference between the results of the first 
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and the second test, nor did it matter whether the interval between the 
first and the second test was fifteen minutes or one hour. On the other 
hand, it was of significance whether the patient had heart disease, and 
it was of still greater significance whether congestive heart failure was 
present (table 3). For patients without heart disease, circulation times 
ranged from 4.9 to 16.5 seconds, with an average of 9.5 seconds. The 
average difference between the first and the second test in this group 
was 20 per cent. For patients with heart disease without congestive 
failure, circulation times ranged from 5.0 to 34.5 seconds, with an 
average of 11.5 seconds, and the average difference between the results 
of the first and the second test was 34 per cent. For persons with heart 
disease and with evidence of congestive failure, we observed circulation 
times ranging from 7.3 to 31.6 seconds, with an average of 17 seconds, 


TABLE 3.—Relation of the Results of Duplicate Measurement of Circulation 
Time to the Cardiac Status of the Subjects 








Cardiac Disease Cardiac Disease 
No Oardiac Without Congestive With Congestive 
Cardiac Status Disease Failure Failure 
Number of subjects................ 39 37 24 
Range of circulation time.......... 4.9 to 16.5 sec. 5.0 to 34.5 sec. 7.3 to 31.6 sec. 
Average circulation time........... 9.5 sec. 11.5 sec, 17.0 see. 
Results of first and second test 2 1 0 
identical 
Second test a failure............... 3 3 6 
Range of differences between results 3.2 to 50.9% 2.6 to 199.0% 7.1 to 151.9% 
of first and second test (0.3 to 8.5 sec.) (0.2 to 28.6 sec.) (0.6 to 20.0 sec.) 
Average difference between results 20% 34% 49% 


of first and second test 





and in this group the average difference between the results of the two 
tests was highest (49 per cent). 


COMMENT 


For a number of reasons duplicate measurements of circulation time 
may give varying results, no matter what method is used. It should 
be remembered that the results of most measurements of circulation 
time represent velocity of blood flow plus “reaction time.” * Velocity 
of blood flow is affected by numerous factors other than congestive heart 
failure, e. g., exercise, excitement, digestion, fever, basal metabolic rate, 
hemoglobin content, volume of circulating blood, vitamin B deficiency 
and pathologic states of the vascular system. 


4. Spier, L. C.; Wright, I. S., and Saylor, L.: A New Method for Determin- 
ing the Circulation Time Throughout the Vascular System, Am. Heart J. 12:511, 
1936. 
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Reaction time, on the other hand, is also affected by several factors, 
the importance of which varies with the method used. These factors 
include the patient’s intelligence and willingness to cooperate (in the 
subjective methods) and the physiologic state of the patient’s nervous 
system. In duplicate measurements, reaction time is probably more 
variable than velocity of blood flow. This seems to apply particularly 
to duplicate measurements made with lobeline ; in the present study, the 
intervals between tests were so short and the differences found often 
so great that the possibility of change in the actual velocity of blood 
flow was remote. ‘ 

Additional factors also may play a part. To begin with, certain 
technical points should be considered, e.g., slight variations in the 
speed of injection. These probably occurred in our series, but they 
cannot account for the wide differences noted, since the small amount 
of material used permitted great rapidity of injection. (This factor may 
play a greater part in methods which require larger amounts of material.) 
Since the same vein could not always be used for both injections, 
differences in caliber of the veins may also have played a minor role. 
Next, the possibility of variations in strength of the drug should be borne 
in mind. Stanojevic and Djordjevitch*® reported finding such varia- 
tions in their supply of alpha lobeline. In our series, material for 
duplicate measurements was often taken from different ampules, but 
these always belonged to the same batch, and we have no reason to 
suspect significant variations in strength. 

While the patients studied were at rest in bed, they were not in 
basal condition. This circumstance may account, in part, for the 
variations observed. Nevertheless, we studied the patients in this 
manner because we were interested in the usefulness of the alpha lobeline 
test under ordinary clinical conditions. 

In addition, the factors of cumulative effect and drug tolerance were 
considered. These factors seemed unimportant, because the second result 
was higher than the first just as frequently as it was lower. If cumulation 
had accounted for the variation in results, the second result should 
always have been lower. Conversely, if tolerance had developed, the 
second result should have been uniformly higher. 

The exact mechanism of the effect of alpha lobeline is not yet fully 
understood. It is, however, definitely known that stimulation of the 
respiratory center occurs, probably by way of a reflex from the carotid 
sinus.* It is possible that variations in the irritability of the respiratory 


5. Stanojevic, L.. and Djordjevitch, B.: Sur la determination du. temps de 


circulation par la lobéline, Compt. rend. Soc. de biol. 127:1362, 1938. 

6. Heymans, C.; Bouckaert, J. J.. and Dautrebande, L.: Sinus carotidiens et 
actions stimulantes respiratoires de la nicotine et de la lobéline, Compt. rend. Soc. 
de biol. 106:469, 1931; Sinus carotidiens et sensibilité réflexogene respiratoire aux 
agents chemiques, ibid. 109:56, 1932. 
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center of the reflex arc itself may occur which are independent of the 
state of the circulation. Such variations may account for the absolute 
failure of the second test in 12 instances, including some patients with 
and some without heart disease. 

It is evident, therefore, that many factors may affect the results 
of duplicate measurements; yet we are unable to give an adequate 
explanation for the marked variations observed. 

We reviewed the literature in order to learn whether other investi- 
gators had obtained more uniform results with duplicate measurements 
of alpha lobeline circulation time and whether duplicate measurements 
made with other methods had given more consistent results. 

We found only two reports of duplicate measurements made with 
alpha lobeline, both dealing with small series. Stanojevic and Djord- 
jevitch * measured circulation time once a day in 20 cases and observed 
variations of three to four seconds (six seconds in | instance) in patients 
without cardiac disease. While the interval between their tests was much 
longer, the percentage variations were comparable to those reported 
here. Mosco* made duplicate measurements in 16 cases, using the 
same amount of alpha lobeline for both tests on only 1 subject and 
different amounts for the others. The second test was performed less 
than five minutes after the first. The results of his duplicate tests were 
practically identical. The same author reported 10 duplicate measure- 
ments with an interval of one to ten days; the results of these were also 
practically identical. We cannot explain this striking agreement in 
results, which is in marked contrast to our own experience. 

The literature contains several reports of duplicate measurements 
by other methods. Blumgart and Weiss,“ employing the radium-active 
deposit method, reported 14 duplicate tests of arm to arm circulation 
time. Only 4 of these were performed on the same day. Of the 4, 3 
showed remarkable agreement in the results, while the fourth showed a 
variation of 28 per cent. These authors’ also reported 8 duplicate 
measurements of the arm to arm circulation time determined by the same 
method. Five of these were performed on the same day ; 3 were in fairly 
close agreement, whereas 2 showed variations of about 20 per cent. 
Weiss, Robb and Blumgart,’® using the histamine method, reported 12 
duplicate measurements. The interval between tests varied from three 





7. Mosco, D.: La velocita di corcolo in riposo e subito dopo un esercizio 
fisico in una centuria d’individui sani, Endocrinol. e pat. costit. 15:3, 1940. 

8. Blumgart, H. L., and Weiss, S.: Studies on the Velocity of Blood Flow 
Il. The Velocity of Blood Flow in Normal Resting Individuals, J. Clin. Investigation 
4:23, 1927. 

9. Blumgart, H. L., and Weiss, S.: Studies on the Velocity of Blood Flow: 
VII. Pulmonary Circulation Time in Normal Resting Individuals, J. Clin. Investi- 
gation 4:399, 1927. 

10. Weiss, S.; Robb, G. P., and Blumgart, H. L.: The Velocity of Blood 
Flow in Health and Disease, Am. Heart J. 4:670, 1929. 
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to thirteen minutes. The results agreed within 10 per cent or less in 10 
cases, while in 2 cases the differences were 14 and 21 per cent, respec- 
tively. 

We found four reports of duplicate measurements with other agents. 
Tarr, Oppenheimer and Sager‘! used sodium dehydrocholate and 
obtained “remarkable agreement” in duplicate tests on normal subjects, 
with differences not exceeding three seconds. In patients with prolonged 
circulation time, however, fluctuations up to eight seconds occurred. Details 
of the duplicate tests were not given. Gargill,’? employing the same 
method and leaving the needle in situ, made triplicate tests on over 150 
subjects. He found that the “three measurements usually checked within 
one second or a fraction thereof.” Goldberg,’* employing calcium glu- 
conate as an agent, repeated the test after one or two minutes, without 
removing the needle from the vein and found that “the second reading 
usually checks closely with the first.” These various reports show a 
greater uniformity of results than was obtained by us with alpha 
lobeline. On the other hand, Esser and Berliner,** who made duplicate 
measurements with the saccharin method,’* found considerable differ- 
ences between the results of the first and the second test. Their tests, 
carried out under conditions similar to those of the present study, had an 
interval of sixty minutes. For 21 subjects without cardiac disease, the 
average difference between the results of first and those of the second 
test was 21.8 per cent, about the same as the difference reported here 
(20 per cent). 

On one important point our own observations are in accord with 
those of various other investigators ** using different methods; namely, 
duplicate measurements of circulation time show the greatest variations 
in patients suffering from congestive heart failure. Since our results 
were expressed in terms of percentage difference, they clearly indicate 
that the variations found in this group are disproportionately greater 
than those found in the other two groups. The observation is of prac- 
tical significance because tests of circulation time are most frequently 


11. Tarr, L.; Oppenheimer, B. S., and Sager, R. V.: The Circulation Time in 
Various Clinical Conditions Determined by the Use of Sodium Dehydrocholate, 
Am. Heart J. 8:766, 1933. 

12. Gargill, S. L.: The Use of Sodium Dehydrocholate as a Clinical Test of 
the Velocity of Blood Flow, New England J. Med. 209:1089, 1933. 

13. Goldberg, S. J.: The Use of Calcium Gluconate as a Circulation Time Test, 
Am. J. M. Sc. 192:36, 1936. 

14. Esser, K., and Berliner, K.: Duplicate Measurements of Circulation Time 
Made with the Saccharin Method, to be published. 

15. Fishberg, A. M.; Hitzig, W. H., and King, F. H.: Measurement of Cir- 
culation Time with Saccharin, Proc. Soc. Exper. Biol. & Med. $0:651, 1933. 

16. Weiss, Robb and Blumgart.*° Tarr, Oppenheimer and Sager.12 Esser and 
Berliner.** 
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periormed on patients suffering from heart failure. It would appear, 
therefore, that tests of circulation time in general and the alpha lobeline 
test in particular should not be relied on to evaluate the progress of 
, patient in congestive heart failure unless the changes shown by these 
tests are marked. 

In the previous report it was concluded that the alpha lobeline test 
is a practical method for determining the velocity of blood flow. The 
results of the present study indicate definite limitations of its usefulness. 


SUMMARY 


One hundred duplicate measurements of circulation time were made, 
with alpha lobeline hydrochloride used as an agent. The interval between 
tests varied from fifteen to sixty minutes. 

Considerable differences in the results of the duplicate tests were 
observed in many instances. In only 3 cases were identical results 
obtained. In 85 cases the differences varied from 3 to 199 per cent, 
with an average variation of 29 per cent. The result of the second test 
was higher than that of the first just as frequently as it was lower. In 
12 cases the second injection failed altogether to produce cough. 

The factors which may have been responsible for the variations in 
results are discussed. 

Differences in the results of duplicate tests were greatest in patients 
suffering from congestive heart failure. Other investigators using dif- 
ferent methods reported the same observation. Tests of circulation time 
in general and the alpha lobeline test in particular should not be relied 
on to evaluate the progress of a patient with congestive heart failure 
unless the changes shown by these tests are marked. 
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NEOARSPHENAMINE THERAPY OF BACTERIAL 
INFECTIONS 


WITH A METHOD OF ADMINISTRATION TO MAINTAIN UNIFORM BLOOD 
LEVELS FOR THE TREATMENT OF SERIOUS STAPHYLOCOCCIC 
INFECTIONS AND SUBACUTE BACTERIAL 
ENDOCARDITIS 


EDWIN E. OSGOOD, M.D. 
PORTLAND, ORE. 


Neoarsphenamine has been widely used in the therapy of syphilis 
since the synthesis of the drug by Ehrlich, but it has received relatively 
little attention as a chemotherapeutic agent against other bacterial infec- 
tions. Reports by E. LeCocq? and J. LeCocq? of its effectiveness 
in the treatment of serious staphylococcic infections led to experimental * 
and clinical * confirmation of its effectiveness against staphylococci. This 
paper summarizes results of studies in progress, details of which were | 
presented in an exhibit at the 1941 session of the American Medical | 
Association and will appear in subsequent publications. It is hoped that | 


From the Department of Medicine and the Division of Experimental Medicine, 
University of Oregon Medical School. 

Read before the Section on Pharmacology and Therapeutics at the Ninety- 
Second Annual Session of the American Medical Association, Cleveland, June 5, 
1941. 

This study was aided by grants from the Department of Clinical Research, 
Abbott Laboratories, Inc., Dr. L. B. Kingery and the Lola Norwood Diack Trust. 
The drugs used were supplied by the Abbott Laboratories, Inc., the Winthrop 
Chemical Co., Inc., Parke, Davis & Co., and Dr. J. G. M. Bullowa, New York. 

1, LeCocq, E.: The Use of Neosalvarsan in the Treatment of Acute Osteo 
myelitis and Blood Stream Infections Caused by the Staphylococcus Aureus, West. 
J. Surg. 44:655-656 (Nov.) 1936. 

2. LeCocgq, J.: 


J.: Personal communication to the author. 

3. (a) Osgood, E. E.: Marrow Cultures, in A Symposium on the Blood and 
Blood-Forming Organs, Madison, Wis., University of Wisconsin Press, 1939, 
pp. 219-241; (/) Culture of Human Marrow: Studies of the Relative Effectiveness 
of Neoarsphenamine, Mapharsen, Sulfanilamide, Sulfapyridine, Sulfathiazole, and 
Sulfamethylthiazole on Infections with Streptococcus Viridans (Alpha Hemolytic 
Streptococcus), Am. J. M. Sc. 200:596-603 (Nov.) 1940. (c) Osgood, E. E.; 
Joski, J., and Brownlee, I. E.: The Superiority of Neoarsphenamine and Sulfa- 
thiazole in the Therapy of Staphylococcus Aureus Infections in Marrow Cultures, 
Surg., Gynec. & Obst. 71:445-450 (Oct.) 1940. (d) Osgood, E. E.: The Chemo- 
therapy of Staphylococcic Infections, J. Pediat. 17:740-746 (Dec.) 1940. 


4. LeCocg.t Osgood.*4 
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this summary will stimulate further investigation of neoarsphenamine 
and related compounds as chemotherapeutic agents against bacterial 
injections. 

In previous publications,* by use of the marrow culture technic, 
which permits controlled quantitative studies of the effectiveness of 
chemotherapeutic agents against bacterial infections in the presence of 
living human cells, it has been shown that neoarsphenamine is highly 
efiective against staphylococci and certain groups of Streptococcus 
viridans (alpha streptococcus). The effective concentration has been 
shown to be 1:150,000, with an effective range from 1:100,000 (1.0 
mg. per hundred cubic centimeters of culture medium) to 1 :300,000 
(0.3 mg. per hundred cubic centimeters of culture medium), or a range 
of 65 to 200 micrograms of arsenic per hundred cubic centimeters of 
culture medium. Lower concentrations were ineffective, and higher 
concentrations were toxic to the marrow cells (fig. 1) over a period 
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Fig. 1—The comparative effectiveness and toxicity of different concentrations of 
neoarsphenamine. Those above 200 micrograms of arsenic per hundred cubic 
centimeters of culture medium damage marrow cells (4). Those between 75 and 
200 micrograms of arsenic per hundred cubic centimeters of culture medium do 
not damage cells and are effective against bacteria (8). Those below 75 micro- 
grams of arsenic per hundred cubic centimeters of culture medium are ineffective 
against bacteria (C). 


of time. It has been further shown that neoarsphenamine has to be 
present in this concentration for an appreciable period, from forty-eight 
to seventy-two hours or longer, in order to insure maximum effect. 
As has been shown for the sulfanilamide group of drugs,’ neoarsphen- 
amine is less effective the larger the inoculum and is ineffective against 
large inoculums. 


5. (a) Osgood, E. E.: Culture of Human Marrow: Studies on the Mode of 
\ction of Sulfanilamide, J. A. M. A. 110:349-356 (Jan. 29) 1938; (b) Culture 
of Human Marrow: A Comparative Study of the Effects of Sulfanilamide and 
\ntipneumococcus Serum on the Course of Experimental Pneumococcic Infections, 
\rch. Int. Med. 62:181-198 (Aug.) 1938. (c) Bullowa, J. G. M.; Osgood, E. E.: 
Bukantz, S. C., and Brownlee, I. E.: The Effect of Sulfapyridine Alone and with 
Serum on Pneumococcic Pneumonia and on Pneumococcus-Infected Marrow Cul- 
tures, Am. J. M. Sc. 199:364-380 (March) 1940. (d) Osgood and others.® 
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COMPARATIVE EFFECTIVENESS OF NEOARSPHENAMINE, OTHER ARs! 
CALS AND DRUGS OF THE SULFANILAMIDE GROUP 
AGAINST VARIOUS BACTERIAL INFECTIONS 


Since my previous publications alone, and with associates,’ more 
than 100 marrow culture experiments of the type illustrated by tables 


Taste 1.—Comparative Effectiveness of Neoarsphenamine and Drugs of th 
Sulfanilamide Group in Sterilization of Marrow Cultures 
of Neisseria Gonorrhoeac 


Note that the gonococeus grows well in marrow cultures and that five of the drugs, 
including neoarsphenamine, are superior to sulfanilamide and sulfanilamide E. O. S. (an addi- 
tion compound of equimolar proportions of sulfanilamide, acetaldehyde and sodium bisulfite, 
having the formula te ee The data in table 5 were com. 


piled from many experiments similar to those illustrated in tables 1 to 4 on different 
strains of each organism, in which the size of the initial inoculum varied widely. ‘The 
gonococeus is much the most susceptible of the organisms studied, and an initial inoculum 
of 1,000,000 per cubic centimeter of culture medium was sterilized by sulfathiazole and 
sulfadiazine, which proved to be the most effective drugs. Note that neoarsphenamine can 
lead to sterility of gonococcic infections. 








Hours 
cn ————— — Poe — 
0 23 45 
tn eee ¥ er , 640" 170,000,000" 95,000,000" 
Neoarsphenamine, 0.005 mg. per ce. % err 640 0 0 
Sulfanilamide, 0.05 mg. per ee. ...... EF. 640 105,000 000 
Sulfanilamide, E. O. 8., 0.05 meg. per ce. . 640 60,800,000 77,500,000 
Sulfathiazoline,+ 0.05 mg. per cc. ..... ‘ a 640 0 0 
Sulfapyridine, 0.06 mg. per cc. _. ; 640 0 0 
Sulfadiazine, 0.05 mg. per ce. - 640 0 0 
Sulfathiazole, 0.05 mg. per ce. . : 5 ; 640 0 0 





* Colonies per cubic centimeter. 
t 2-sulfanily]-3,5-dihydrothiazole. 


TasLe 2.—Comparative Effectiveness of Neoarsphenamine and Drugs of th 
Sulfanilamide Group in Sterilization of Marrow Cultures 
of a Beta Hemolytic Streptococcus 


Note that nearly all of the drugs studied are superior to sulfanilamide in their effect 
against the beta hemolytic streptococcus, even though sulfanilamide will readily sterilize sma!! 
inoculums of less than 500 organisms per cubic centimeter of culture medium. Note also 
that neoarsphenamine was almost as effective as sulfathiazole against this organism and 
that sulfathiazoline (2-sulfanily] 3,5-dihydrothiazole), sulfapyridine and sulfadiazine were inter 
mediate in effectiveness. This table illustrated well the time that is necessary for the action 
of these drugs. Against some strains of the beta hemolytic streptococcus neoarsphenamine 
was superior to any of the drugs studied. The notation “acid” signifies that at some time 
the colony count was 100,000,000 or higher. 








Hours 
—_ — a —— — — —_ 
0 18 42 66 7 
J” eer eee ae . 8,400" 60,000 ,000* Acid 
Sulfanilamide, 0.05 mg. per cc. .. 3,400 170,000 32,000,000* Acid 
Neoarsphenamine, 0.005 mg. per ce. . $8,400 690 0 0 ( 
Sulfathiazoline, 0.05 mg. per cc. . 8,400 2,000 187 0 0 
Sulfapyridine, 0.05 mg. per ce. . 3,400 1,550 155 0 0 
Sulfadiazine, 0.02 mg. per ce. . 3,400 310,000 3,530,000 Acid 
Sulfadiazine, 0.05 mg. per ce. .. 3,400 13,000 100 1 0 
Sulfathiazole, 0.02 mg. per cc. 3,400 325 0 0 0 
Sulfathiazole, 0.05 mg. per ec. 3,400 100 0 0 0 





* Colonies per cubic centimeter. 


1 to 4 have been performed. The results of these, which are sum- 
marized in table 5, indicate that neoarsphenamine is the most effective 
of any of the arsenicals studied and that it is capable of sterilizing mar- 
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w cultures inoculated with certain groups of Str. viridans, all staphy- 


ri 
rf 


cocci studied, some beta hemolytic streptococci belonging to Lancefield 
group A and gonococci. It was more effective than sulfanilamide 
against beta hemolytic streptococci and gonococci but not as effective 


laste 3.—Comparative Effectiveness of Arsenicals and Drugs of the Sulfanil- 
amide Group in Sterilization of Marrow Cultures of 
Streptococcus Viridans 

“ vhis experiment on Str. viridans of group B shows that this strain responds well both to 
neoarsphenamine and to sulfathiazole, that arsenic trioxide is not nearly as effective as 
neoarsphenamine and that sodium formaldehyde sulfoxylate is ineffective in a concentration 
greater than that of the related group of neoarsphenamine when the concentration of 
neoarsphenamine is that used in this experiment. Similar experiments showed that mapharsen 
, a coneentration one-tenth that of neoarsphenamine was almost ineffective against the 
sJpha streptococcus as a rule. 








Hours 
————— ee ee —, 
0 4 24 48 71 
OOREEG acon cbse cks neeebrnin sovinn dors 240° 105* 730° 231,000* 241,000,000" 
Neoarsphenamine, 0.0056 mg. per cc.... 240 60 _10 2 
Arsenic trioxide, 0.0018 mg. per ce. .... 240 DO 3,700 42,200,000 195,000,000 
sodium paranitrobenzoate, 0.15 mg. pe 
tr Demeibatasesecccesese SD 70 8 0 0 
Sulfathiazole, 0.1 mg. perce. ........... 240 0 0 0 0 
Sodium formaldehyde sulfoxylate, 
0.0025 ME. POF CC. ...c.ccccccccccseess 240 100 1,700 1,500,000 229,000,000 
Sodium formaldehyde sulfoxylate, 
0.006 MS. POF CO. coseccccccccccscccers 240 70 16,300 9,400,000 206,000,000 





* Colonies per cubie centimeter. 


[ase 4.—Comparative Effectiveness of Neoarsphenamine and Drugs of the 
Sulfanilamide Group in the Sterilization of Marrow 
Cultures of Staphylococcus Aureus 


Note how much less susceptible to the action of the drugs is Staph. aureus than are the 
preceding organisms. An inoculum of 10 to 100 organisms per cubic centimeter of medium 
may be sterilized, however. Neoarsphenamine is much the most effective drug, with sulfa 
thiazole next. Sulfadi in a concentration twice that of sulfathiazole is not nearly as 
effective, and sulfapyridine is only slightly effective. Sulfathiazoline ¢2-sulfanily]-3,5-dihydro- 
thiazole) and sulfanilamide are practically without effect on an inoculum of this size, 











although signifleant differences from the control are found in smalier inoculums. The nota- 
tion “acid”? means that the colony count at some time was as high as 400,000,000. 
Hours 
le —— - ~~ - sn 
0 16 22 
QOMETOE ic.00snnctbensenct Ee COP paghinees 490° 500,000,000" Acid 
Neoarsphenamine, 0.005 mg. per ce. ... ; ‘. 490 83 170° 
Sulfanilamide, 0.1 mg. per ce. ...... 490 550,000,000 Acid 
Sulfathiazoline, 0.1 mg. per ce. . 490 410,000,000 Acid 
Sulfapyridine, 0.1 mg. per ce............ : 490 70,000,000 230,000,000 
Sulfadiazine, 0.2 mg. per ce. .... : 490 3,900,000 16,300,000 
490 30, 16,000 


Sulfathiazole, 0.1 mg. per cc. ...... 





* Colonies per cubie centimeter. 


as sulfathiazole (2-[paraaminobenzenesulfonamido ]-thiazole) and sulfa- 
diazine (2-[paraaminobenzenesulfonamido]-pyrimidine) against these 
organisms. It was ineffective against the pneumococci studied. The 
other arsenicals were not nearly as effective as neoarsphenamine when 
used in concentrations differing from that of neoarsphenamine by the 
ratios of their clinical doses. 
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All of the twenty-five strains of Str. viridans so far investigated {|| 
in one of three groups, as shown in table 5, which differ widely in their 
susceptibility to the action of neoarsphenamine and of sulfathiazole. 


Taste 5.—Comparative Effectiveness of Chemotherapeutic Agents 
Against Bacteria 


The data in this table were compiled from many such experiments as those illustrate: 
tables 1 to 4. It must be remembered that the least effective drugs against the most suscep 
tible organisms, which are N. gonorrhoeae and the beta hemolytic streptococcus, will be fur 
more effective against these organisms than the most effective drug against less suscepti!) 
organisms, such as staphylococci. The organisms are arranged in order of decreasing sus 
ceptibility. Escherichia coli, Eberthella typhosa and Salmonella schottmiilleri are still jess 
susceptible than staphylococci. Against these sulfathiazole was much the most effective drug 
Against the pneumococci the concentration of sulfadiazine has to be about four times that 
of sulfathiazole to have equal effectiveness. When both were effective, the combination o/ 
neoarsphenamine and sulfathiazole was more effective than either alone. The combination 
of antiserum and the effective drug against the pneumococcus was more effective than either 
alone. The absolute effectiveness in terms of the concentration obtainable clinically will not 
necessarily be the only factor in deciding which is the best drug, since clinical toxicity and 
other factors must also be considered, as well as the data given here. Strain differences 
were observed among the other organisms but no such complete reversal of the order of 
effectiveness of the drugs as was observed among the three groups of alpha streptococci, 
which were not separable by bacteriologie methods. 

















Chemotherapeutic Agent 
: Organism Most Effective Less Effective Least Effective 
: Neisseria gon- Sulfathiazole Sulfapyridine Neoarsphenamine 
q } orrhoeae Sulfadiazine Sulfathiazoline * Sulfanilamide 
; Sulfanilamide E. 0. 8.+ 
Beta hemolytic Sulfathiazole Sulfapyridine Sulfanilamide 
streptococci Neoarsphenamine Sulfathiazoline 
Sulfadiazine 
Pneumococe: Sulfathiazole Sulfathiazoline Sulfanilamide E. O. 8. 
Sulfamethylthiazole } Sulfadiazine Sulfanilamide 
Sulfapyridine Sulfaphenyithiazole § 
Sodium sulfanilylsulfa 
nilate 
Neoarsphenamine 
Streptococcus viridans 
Group A ee  .. <poabavduneeebentanenchee Mapharsen 
Sulfathiazole 
Sulfamethylthiazole 
Sulfapyridine 
Sulfanilamide 
Group B Neoarsphenamine Sulfanilamide Arsenic trioxide 
Sulfathiazole Mapharsen Sodium cacodylate 
Sulfadiazine Solarson Sodium formaldehyde 
Sulfapyridine sulfoxylate 
; Sulfamethylthiazole 
5 Sodium paranitroben- 
zoate 
Group C Sulfathiazole Sulfanilamide Neoarsphenamine 
Sulfamethylthiazole Sodium paranitroben- 
Sulfapyridine zoate 
Sulfadiazine 
Staphylococci Neoarsphenamine Sulfapyridine Sulfanilamide 
Sulfathiazole Sulfadiazine Sulfanilamide E. 0. 8. 
Sulfamethylthiazole Sulfathiazoline Sodium formaldehyde 
sulfoxylate 
, Hydrogen peroxide 








. 


* 2-sulfanily]-3,5-dihydrothiazole. 
+ An addition compound of equimolar proportions of sulfanilamide, acetaldehyde and 
sodium bisulfite, having the formula NeH=SO2=CeHsi=NH=CH=SOsNa. 
| 


CHs 
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? 2-(paraaminobenzenesulfonamido)-4-methylthiazole. 
$ 2-(paraaminobenzenesulfonamido)-4-phenylthiazole. 


Organisms of group A respond to neoarsphenamine but not to the drugs 
of the sulfanilamide group; those of group B respond both to neoar- 
sphenamine and to sulfathiazole and related compounds of the sulfanila- 
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ee ee ee 


OSGOOD—BACTERIAL INFECTIONS 751 




























mide group, and those of group C respond to sulfathiazole and 
suliapyridine (2-[paraaminobenzenesulfonamido|-pyridine) but not to 
neoarsphenamine. Bacteriologic and serologic studies ° failed to reveal 
any clearcut criteria for separation of these three groups of alpha strep- 
tococci, although the organisms of group A are more difficult to grow on 
blood agar pour plates and colony counts are therefore difficult to 
obtain. | The organisms of group A grow well in marrow cultures, 
however. The number of strains falling in groups A and B are about 
equal to the number of strains falling in group C. All of the strains 
of alpha streptococci, except two, fulfilled the criteria for Streptococcus 


Taste 6.—Effects of Temperature Variations on the Action of Neoarsphenamine 
and Sulfathiazole on Staphylococcus Aureus 


Note that neoarsphenamine is more effective than sulfathiazole against Staph. aureus 
and that the effects of temperature on the action of the two drugs were similar, the counts 
pot being significantly different from the counts of the control at icebox temperature when 
no growth oecurred, and both being most effective when slow growth occurred either at room 
temperature or at 41 C©., and highly effective at ordinary incubator temperature. When the 
cultures were removed from the refrigerator at the end of ninety hours and placed in the 
incubator, the control multiplied and the drugs already present were still effective. This 
experiment suggests that growth of the organisms is essential for the action both of 
neoarsphenamine and of sulfathiazole. 








Temperature, Neoarsphenamine Sulfathiazole, 
Hours c. Control 0.5 mg. per 100Cc. 5 mg. per 100 Ce. 

0 41 90 90 90 
20 41 225,000,000 0 200,000 
44 41 we 0 1,500,000 
0 37 90 90 9 
20 37 450,000,000 7 2,500,000 
44 37 se 0 1,250,000 
0 20.7-23.1 90 9 et 
20 20.7-23.1 8,000 43 57 
44 20.7-23.1 850,000 10 37 
90 20.7-23.1 320,000,000 0 3 
116 20.7-23.1 -_ 7 3 
0 3.3-4.7 90 90 90 
20 3.3-4.7 120 128 175 
44 3.3-4.7 140 125 120 
Ww 3.3-4.7 77 93 
37 400,000,000 3 1,200,000 


116 
salivarius. The two exceptions were identified as Streptococcus faecalis, 
one of which responded only to neoarsphenamine and the other only to 
sulfathiazole. 

MECHANISM OF ACTION 


One of the many experiments on the effects of temperature on the 
action of these drugs is summarized in table 6. At refrigerator tem- 
perature staphylococci failed to grow, and neoarsphenamine and sulfa- 
thiazole were ineffective against the inoculums. When these same 
cultures were placed in the incubator the bacteria in the control multi- 


6. Sears, H. J.; Osgood, E. E., and Joski, J.: The Correiation Between 
Susceptibility to Neoarsphenamine and Sulfathiazole in Vitro and Certain Other 
Characteristics of Streptococci from Subacute Bacterial Endocarditis, to be 
published. 
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plied and the drugs were effective. At 41 C. the drugs were some 
more effective than at body temperature, which suggests that a trial 
of fever therapy in conjunction with the use of neoarsphenamine and 
sulfathiazole would be worth while. The differences, however, wer 
relatively slight. 

Since vitamin C has been reported to reduce the clinical toxicity 
of neoarsphenamine and the action of neoarsphenamine has been reported 
to be due to its effect on glutathione, these compounds were tested in 
marrow cultures. Neither of them led to decreased toxicity of neo- 
arsphenamine for marrow cells or to decreased effectiveness of the drug 
against the staphylococci. If anything, neoarsphenamine with added 
glutathione or vitamin C was somewhat more effective than it was in 
identical cultures without added glutathione or vitamin C. Addition 
of hydrogen peroxide, an oxidizing agent, or of sodium formaldehyde 
sulfoxylate, a reducing agent, did not increase the effectiveness of either 
neoarsphenamine or sulfathiazole, nor were these agents in concentra- 
tions which could occur in the body effective by themselves in con- 
trolling the infection in marrow cultures. Since other organic arsenicals 
were not as effective as neoarsphenamine and since an equivalent 
amount of arsenic in the form of arsenic trioxide was not as effective. 
it seems possible that the arsenic is not essential and that compounds 
with sulfur or nitrogen in the position that arsenic occupies in the 
neoarsphenamine molecule should be investigated. Since definite mor- 
phologic changes occurring in the micro-organisms are similar to those 
which have been observed after therapy with drugs of the sulfanilamide 
group, it appears that the action is directly on the organism. Added 
paraaminobenzoic acid does not interfere with the action of neoarsphen- 
amine, as it does with the action of the drugs of the sulfanilamide group 

The action of neoarsphenamine resembles that of a drug of the 
sulfanilamide group in that a considerable period is required for sterili- 
zation, there is an initial lag period and neither agent is effective at 
refrigerator temperature, when no growth occurs. It is possible that 
the action of neoarsphenamine and that of the drugs of the sulfanilamide 
group will prove to be similar, but the exact nature of this action is 
still undetermined. 


PRINCIPLES WHICH SHOULD GOVERN THE CLINICAL USE 
OF NEOARSPHENAMINE 


Certain principles which should govern the clinical use of neo- 
arsphenamine are apparent! Neoarsphenamine to be effective against 
bacterial infections should be administered in such a way as to main- 
tain a blood level which corresponds to arsenic levels of 75 to 200 
micrograms per hundred cubic centimeters of blood over the greater 
part of several davs. The dose should be accurate, since half the ideal 
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concentration is ineffective and twice the ideal concentration is toxic 
t) marrow cells over a period of time. The organisms against which 
neoarsphenamine is definitely superior to sulfanilamide and its avail- 
able derivatives are the staphylococci and certain of the alpha strepto- 
cocci. Its use should be limited, for the present at least, to serious 
infections, since the effective range is near the toxic range and some 
clinical toxicity is to be anticipated, particularly because of the known 
wide variations in idiosyncrasy to this drug. Its use in combination 
with sulfathiazole therapy is probably better against staphylococci and 
certain alpha streptococci than is either alone. Fever and excess 
glutathione in combination with neoarsphenamine therapy may prove 
to increase its effectiveness. The therapy should be continued for 
several days or weeks after clinical evidence of infection has disap- 
peared, since small numbers of organisms may exist for a time in cul- 
tures containing the drug in adequate concentration. 

Since Uhley and Katz* have shown that neoarsphenamine pene- 
trates fibrin *® better than do drugs of the sulfanilamide group, the 
former drug appears to offer particular advantages over the latter ones 
in the therapy of subacute bacterial endocarditis and, perhaps, of gon- 
ococcic endocarditis. Since de Kruif and Simpson * have shown that 
fever decreases the toxicity of neoarsphenamine and since it is probable 
that fever therapy will open up more vascular channels, a trial of asso- 
ciated fever therapy with neoarsphenamine should certainly be made 


DOSAGE OF NEOARSPHENAMINE NECESSARY TO MAINTAIN 
UNIFORM BLOOD LEVELS 


Development by Chaney and Magnuson® of an accurate method 
ior measuring the arsenic in the blood made possible the determination 
of blood arsenic levels after administration of various doses of neo- 
arsphenamine. In figure 2 the curve of the blood arsenic levels after 
a single intravenous injection of neoarsphenamine is given. The curve 
is of the logarithmic type and forms a straight line on logarithmic 
paper. The arsenic of neoarsphenamine is distributed evenly through- 
out the blood a few minutes after administration but rapidly leaves 
the blood, and by four hours after administration the blood concen- 
tration is that which would be expected if the drug was distributed 


7. Uhley, M. H., and Katz, L. N.: An in Vitro Test for Chemotherapeutic 
Agents Used in Subacute Bacterial Endocarditis, J. Infect. Dis. 68:291-300 (May- 
June) 1941, 

8. de Kruif, P., and Simpson, W. M.: Possible Significance of the Inhibitory 
Effect of Fever on Anaphylactic Phenomena, J. Lab. & Clin. Med. 26:125-130 
(Oct.) 1940. 

9. Chaney, A. L., and Magnuson, H. J.: Colorimetric Microdetermination of 
\rsenic, J. Indust. & Engin. Chem. (Analyt. Ed.) 12:691-693 (Nov.) 1940. 
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approximately evenly throughout the body volume. After four hours 
the rate of elimination is much slower but may still be expressed hy 
a logarithmic curve. From these curves the blood arsenic levels may 
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Fig. 2.—The logarithmic curve giving the blood arsenic levels in percentage oi 
the initial concentration and in micrograms per hundred cubic centimeters aiter 
injection of a single unit dose of neoarsphenamine during the first four hours. 
After the first four hours the rate of decrease is even slower but may still be 
expressed by a logarithmic curve. 
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Fig. 3.—Calculated blood arsenic levels plotted on logarithmic paper during a 
typical three day course, against which are plotted the actual determinations for 
2 patients receiving neoarsphenamine according to the schedule in table 7. The 
blood arsenic levels are the same as those on the second and third day if the course 
is continued for a longer period. X, blood arsenic determinations for a patient 
whose weight was 126 pounds (57.2 Kg.); O, blood arsenic determinations for a 
patient whose weight was 158 pounds (72 Kg.). 
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ie predicted accurately if the weight of the patient, the time and amount 
of neoarsphenamine given and the time which has elapsed since the 
neoarsphenamine was given are known. This may not apply to patients 
with impairment of renal function for whom blood arsenic levels have 


Tas_e 7.—Method of Administration of Neoarsphenamine 
The unit dose is 0.8 mg. per pound of body weight: e ¢., if the weight of the patient is 
150 pounds, 150 x 0.8 = 0.12 Gm. Therefore, each unit dose for this patient is 0.12 Gm. of 
neoarsphenamine, freshly prepared from a 0.15 Gm. ampule 








Time Schedule for Each Unit Dose 
Course X: First course for acute staphylococcic infections 
—— = - 


renee 


Course Y: First course for subacute bacterial 
endocarditis and chronic staphylococcic 


infections 
"oc -- + + -- —E————eEeEE——— 


Course Z: Each subse- 
quent course for sub- 
acute bacterial endocar- 
ditis and chronic stapb- 
ylocoecic infeetions 


a a 

Day of course.......... 1 2 3 4 5 ( 7 T 

Hour 84&.m..........- 1 5 8 11 14 17 20 2 2¢ 20 
V2 GMB. si ccavevcs 2 

BMA So iidedads 3 6 9 12 15 18 21 24 27 0 
SPB... c.cccccess 4 

19 DE. «acc2008 7 10 13 16 19 22 25 28 1 





TasLe 8.—Schedule of Courses of Therapy for Subacute Bacterial Endocarditis 
or Chronic Staphylococcus Infections 








Days of Therapy with Necarsphenamine 
Days Neoarsphenamie Rest - ~ 
1- 6 6 + Course Y Table? 
7-9 os 3 None 
10-12 3 Course Z Table7 
13-15 ‘a 3 None 
16-18 3 Course Z Table7 
19-22 ee 4 None 
23-25 3 ‘ Course Z Table7 
26-39 F 5 None 
31-33 3 os Course Z Table7 
34-30 + 6 None 
40-42 3 : Course Z Table7 
3-48 ee 6 None 
49-51 3 : Course Z Table 7 
§2-57 - 6 None 
58-60 3 se Course Z Table7 





not yet been determined. Details of the use of the curves and the 
equations derived from them will be published elsewhere. From these 
curves it is calculated that small doses of neoarsphenamine should be 
given at four hour intervals until the level at four hours after the last 
dose is within the effective range, and then doses should be given at 
longer intervals. 





a ak al bik ae aae 


bali 


M4 
i 
t 
oj 
ae 
| 


aaa rica a lt cinta tie 


ara 





ARCHIVES OF INTERNAL MEDICINE 


so 

on 
~ 

- 























From these data a method of administration of neoarsphenanine 
which maintains uniform blood levels has been developed. The unit 
dose is 0.8 mg. per pound (0.5 Kg.) of body weight. Details of the 
administration are given in tables 7 and 8. One unit dose is given 
every four hours the first day for four doses and then every eight 
hours for three doses each subsequent day for the duration of the course. 
In figure 3 the calculated curve of blood arsenic levels during a typical 
three day course and during the subsequent three day rest period is 
compared with the actual blood arsenic levels determined for 2 patients 
of widely different weights being treated for primary syphilis by this 
method. 
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Fig. 4—A typical temperature curve in a case of subacute bacterial endocarditis 
caused by an alpha streptococcus belonging to group A and responding to neoars- 
phenamine. In this case the patient had received sulfathiazole previously, with no 
effect on the temperature. At the present time the patient is free from symptoms of 
the disease. When such a temperature response is obtained in the first six days of 
therapy neoarsphenamine alone is given, even though marrow culture studies are not 
available to place the organism in the group in which it belongs, since the response 
can be obtained more quickly than results of marrow culture studies and since 
bacteriologic methods have not yet been developed that will determine what the 
response to neoarsphenamine will be. 


SUGGESTED THERAPY FOR SERIOUS STAPHYLOCOCCIC INFECTIONS, SUB- 
ACUTE BACTERIAL ENDOCARDITIS AND, POSSIBLY, SYPHILIS 
Neoarsphenamine is given as outlined in table 7, course Y. If there 

is a marked fall in the temperature and the clinical condition is improved 
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by the end of course Y, the organism belongs to group A or B and 
neoarsphenamine should be continued as outlined in table 8. If there 
is no response in the first six days ® the organism belongs to group C 
and neoarsphenamine should be discontinued and sulfathiazole admin- 
istered at four hour intervals, day and night, in doses sufficient to main- 
rain a blood level of 5 to 8 mg. per hundred cubic centimeters for a 
period of sixty days or longer. If there is some response by the end 
of the sixth day (table 7, course Y) the organism belongs to group B 
and sulfathiazole should be started at once and neoarsphenamine con- 
tinued as outlined in table 8. The initial six day period of therapy is 
a test period to determine by the clinical course and temperature response 
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Fig. 5.—A type of temperature curve in a case of subacute bacterial endocarditis 
suggesting that the causative alpha streptococcus belongs to group B, although this 
was not determined by marrow culture studies. In this case the patient received 
both neoarsphenamine and sulfathiazole and was free from symptoms and had blood 
cultures negative for the causative organism eleven months after therapy was started. 
Although symptoms of cirrhosis developed within three days after therapy was 
started they were apparently unrelated to the therapy, and the administration of the 
drug was continued. The patient died suddenly on June 20, 1941, from an apparently 
unrelated cause, and permission for autopsy was refused. Dr. A. M. Hoffman, 
of Los Angeles, permitted me to report this case. 


when marrow culture studies are not available (figs. 4 to 6) whether 
neoarsphenamine therapy should be continued. 


9a. Now twenty-five days. See the note at the end of the paper. 
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If tooth extraction is unavoidable for a patient with rheumatic heart 
disease or congenital heart disease a Z course (table 7) of neoarsphen- 
amine therapy with sulfathiazole administered both orally and locally ' 
may be justified for prophylaxis against subacute bacterial endocarditis. 

The ideal length of treatment and the ideal length of the rest periods 
or whether any rest periods should be given is not yet known. It is 
hoped that other investigators will aid in determining these factors. 


CLINICAL OBSERVATIONS 


It has been shown that neoarsphenamine therapy alone will result 
in cure in some cases of staphylococcic bacteremia.*' Whether neo- 





Fig. 6—A type of temperature curve characteristic of subacute bacterial endo- 
carditis caused by a streptococcus of group C. Note that there is no response what- 
soever when neoarsphenamine is given; so this drug should be discontinued after the 
first six days, and sulfathiazole, sulfadiazine or ‘sulfapyridine should be given. In this 
patient toxicity to sulfathiazole prevented continuation of treatment. Dr. L A. 
Goldsmith, of Portland, Ore., permitted me to report this case. 


arsphenamine alone, neoarsphenamine plus sulfathiazole or sulfathiazole 
alone will ultimately prove the ideal therapeutic agent for staphylococcic 
infections of a serious nature must still be determined. This will 








10. Meacham, P. L., and Osgood, E. E.: The Efficacy of the Local Use of 
Sulfathiazole Powder in Dentistry and Oral Surgery, J. Am. Dent. A. 28:1640- 
1644 (Oct.) 1941. 

11. LeCocqg.2 Osgood and others.® 
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necessitate study of a large series of cases of staphylococcie bacteremia 
in which each of the three therapeutic agents is alternated and sulfa- 
thiazole is applied locally to any collection of pus, according to the prin- 
ciples previously given.’ From the experimental data it is probable 
that neoarsphenamine plus sulfathiazole will prove the best. 

Too few cases of subacute bacterial endocarditis have been studied, 
and for too short a time, to permit any final appraisal, but in 4 cases in 
which treatment was with neoarsphenamine or neoarsphenamine and 
sulfathiazole anemia, petechiae and fever completely disappeared, blood 





Days | 1 6475 85 90 97 04 1 (75 60 


Fig. 7—The case of subacute bacterial endocarditis represented in this figure 
demonstrates that the schedule given in table 7 must be followed accurately if ade- 
quate concentrations of arsenic are to be maintained in the blood. In this case the 
patient was first treated before the correct dosage for neoarsphenamine was 
developed. He had an immediate temperature response to the inadequate dose, but 
the blood cultures never became negative for the causative organism. After the 
period of treatment, with sulfathiazole, which produced severe toxicity and little 
benefit, neoarsphenamine in adequate dosage was given, with no effect. A total of 
16.7 Gm. of neoarsphenamine was given with no evidence of toxicity. The organism 
isolated after the second period of treatment responded poorly to neoarsphenamine in 
comparison with the initial response, which suggested that it had become arsenic 
last. The patient died on Oct. 10, 1940. Dr. B. O. Woods, of Portland, Ore., 
permitted me to report this case. 


12. Osgood, E. E.: Chemotherapy, Arch. Otolaryng. 33:961-968 (June) 1941. 
Meacham and Osgood.!° 
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cultures became negative and symptoms of the disease were absent {\: 
eight to sixteen months. In none of these cases was the patient treate:| 
with heparin. These patients have obviously not been studied long 
enough to justify any claim that subacute bacterial endocarditis can |e 
cured by such therapy, but this observation would seem to justify furthe: 
trial of the treatment by other investigators. It will certainly not be cura- 
tive in cases of subacute bacterial endocarditis due to organisms belong- 
ing in group C, and to date in those cases in which there was no response 
to neoarsphenamine so much toxicity from sulfathiazole or sulfapyridine 
therapy has developed that the drug had to be discontinued. Accord- 
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Fig. 8—The case represented in this figure illustrates the fact that the schedule 
given in table 7 must be followed accurately if adequate concentrations of arsenic 
in the blood are to be maintained. This patient had subacute bacterial endocarditis, 
had had a major cerebral embolus and was almost moribund before therapy was 
started. Even at such a late stage neoarsphenamine produced striking clinical 
improvement and improvement in the temperature curve. The patient died suddenly 
from a ruptured mycotic aneurysm at the site of the cerebral embolus. At necrops) 
the lesion on the heart valve was healing but was not completely healed. In marrow 
cultures the organism responded both to neoarsphenamine and to sulfathiazole, and it 
was therefore classed in group B. Dr. C. D. Platner of Sandy, Ore., permitted m« 
to report this case. 


ing to the marrow culture data sulfadiazine should be worth trying in 
such cases in the future. 
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Prior to the development of a method of administration of neo- 
arsphenamine which would maintain adequate blood levels, several 
patients with subacute bacterial endocarditis were treated with inadequate 
or improperly spaced doses. One of these had complete disappearance 
of symptoms, including anemia and ten blood cultures negative for the 
causative streptococcus during a three month period, which was followed 
by recurrence of symptoms and positive blood cultures. This patient 
died eighteen months after treatment was started and twenty-one months 
after the onset of the disease. Neoarsphenamine therapy was not 
repeated because exfoliative dermatitis developed after the previous 
procedure, which consisted of one course of six injections of 0.1 Gm. 
each at two hour intervals and five courses of nine injections of 
0.1 Gm. each at two hour intervals, with five days intervening between 


TasLe 9.—Climical Evidences of To-xicity 








Indications for Discontinuation of Drug 





Neoarsphenamine * Drugs of the Sulfanilamide Group 


Hemorrhagic encephalitis Agranulocytosis 
Exfoliative dermatitis Hemolytic anemia 
Agranulocytosis Oliguria 

Aplastic anemia Hepatitis 
Polyneuritis Neuritis 

Hepatitis Dermatitis 


Indications for Weighing the Risk of the Disease Against the 
Risk of the Therapy 
—_, = 





Fever Conjunctivitis 
Vomiting Fever 
Nausea Vomiting 


Nausea 





* Neither vitamin C nor glutathione decreases the toxicity of neoarsphenamine for marrow 
cells or the effectiveness of neoarsphenamine against staphylococci. 


each course. This dosage, it is now known, would produce too high 
a blood level for too short a time. 

The other patient had two unit doses a day, instead of the three now 
recommended, for three weeks, without rest periods. There was marked 
clinical improvement, and he was afebrile for a month, but the blood 
cultures never became negative for the causative organism, and it was 
subsequently arsenic fast both clinically and in marrow cultures (fig. 7). 
One patient died before neoarsphenamine therapy was completed 
(fig. 8). She had had subacute bacterial endocarditis for one year and a 
major cerebral embolus shortly before therapy was started. Marked 
improvement in the temperature and clinical condition occurred. Death 
was sudden and was shown at necropsy to be due to rupture of a mycotic 
aneurysm at the site of the cerebral embolus. The valve lesion was 
healing but not completely healed. 
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CLINICAL TOXICITY 


The toxic effects of neoarsphenamine and sulfathiazole are well 
known (table 9). Since the level necessary for effectiveness is near 
the toxic level, some toxicity is to be anticipated with these therapeutic 
agents. With the dosage recommended mild degrees of polyneuritis 
and dermatitis have been observed, and they have necessitated stopping 
the drug. Because of wide variations in individual idiosyncrasy to the 
drug, some toxicity from neoarsphenamine therapy with any method of 
administration ought to be anticipated. The patient should be watched 
closely for any of the toxic manifestations mentioned in table 9. Toxicity 
to sulfathiazole has been observed more frequently in patients with 
subacute bacterial endocarditis than in patients treated for any other 
disease, which may be a coincidence. It may mean that because of 
its lesser toxicity sulfadiazine will prove to be the superior drug 
clinically. Some patients who had toxic reactions to sulfathiazole have 
been able to take neoarsphenamine without untoward effects. 


SUMMARY 


Neoarsphenamine in concentrations which do not kill living human 
cells is effective against some strains of Str. viridans, most staphylococci 
and some other bacteria. 

The effective concentration can be maintained clinically by the method 
described. 

The blood arsenic levels after intravenous administration of neo- 
arsphenamine may be predicted from curves shown in figures 2 and 3. 

A few patients with staphylococcic bacteremia so treated have 
recovered. 

A few patients with subacute bacterial endocarditis so treated are 
free from symptoms of the disease from eight to sixteen months after 
therapy. More patients must be followed for two years or longer before 
final appraisal is justified. 

The ideal duration of therapy and the length of rest periods are not 
yet known. 

The therapy involves risk of toxicity and should be used only in 
cases of serious infection or under careful research supervision. 

Neoarsphenamine plus sulfathiazole may be more effective against 
certain bacteria than either alone. 

Neoarsphenamine and related compounds deserve further study in 
the therapy of bacterial infections. 

Note.—Since this article was submitted for publication, the clinical 


data on patients with subacute bacterial endocarditis have been analyzed 
in more detail and brought up to date. Of 34 unselected patients, for 
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whom detailed protocols are available, 4 remained free of symptoms 
of the disease and 12 had temporary clinical improvement, with return 
of the temperature to normal. Only 11 patients received therapy at least 
approximately, and of these, only 7 received it exactly as directed in 
tables 7 and 8; the 4 symptom-free patients were among the 11, and 3 
of these 4 patients were among the 7. These 3 patients are still com- 
pletely free of symptoms and are pursuing their usual occupations as 
a woman physician, a farmer and a high school student, eight, thirteen 
and seventeen months, respectively, after therapy was started, and the 
fourth patient is described in figure 5. Not included in this report are 
36 patients for whom detailed protocols have not been received, 6 of 
whom I have been informed have been symptom free for several months. 
No patient treated only with drugs of the sulfanilamide group 
showed more than temporary improvement. It is now recommended 
that neoarsphenamine therapy, as outlined in table 8, not be discontinued 
before twenty-five days,*even though there is no earlier clinical evidence 
of benefit. I am also now giving 100 mg. of ascorbic acid and 40 mg. 
of thiamine hydrochloride daily during neoarsphenamine therapy, with 
the hope of decreasing toxicity. It is also thought advisable not to 
discontinue neoarsphenamine for mild polyneuritis or dermatitis. 


ABSTRACT OF DISCUSSION 


Dr. Lovis N. Katz, Chicago: My remarks will be confined to subacute bac- 
terial endocarditis. While physicians know the causative organism and recognize 
that the patient will succumb to the disease, so far they can do nothing about it. 
Any attempt to cure patients with this disease is worth exploring, and for this 
reason Dr. Osgood’s report deserves attention. 

My colleagues, Drs. Hamburger, Friedman, Howell and Uhley, and I have 
been interested in this subject for several years. Fundamentally subacute bacterial 
endocarditis is due to the organisms located within the vegetations on the valve. 
The aim, therefore, should be to prevent the deposition of new fibrin on the 
vegetation and to obtain a sufficient concentration of antiseptic or bacteriostatic 
drugs in the vegetation, where the organisms reside. My associates and | employed 
heparin for the first purpose and are still using it occasionally. However, the 
results are disappointing. As far as we know no cure has resulted; only at 
autopsy is there the appearance, on occasion, of healing of some of the vegetations. 
As far as bactericidal agents are concerned, we have used sulfanilamide and 
its derivatives in vitro in fibrin cultures of Str. viridans, and our results parallel 
the in vitro results of Dr. Osgood. We have also tested neoarsphenamine in vitro 
in fibrin cultures and found it to be effective. 

In applying these results to subacute bacterial endocarditis in man, it must be 
remembered that the drug has to be maintained for long periods at a level toxic 
to the organism in the vegetation without at the same time being deleterious to 
the patient. I should like to ask Dr. Osgood if that is the reason that he insists 
on his particular regimen of neoarsphenamine administration. 

Sulfanilamide and its derivatives have been used more extensively than have 
the arsphenamines. It is doubtful whether any cures have resulted from their use. 
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Recently we used a combination of heparin administered for six weeks, sulia- 
pyridine up to toxic doses and mapharsen given in continuous injection unti! 
symptoms of hepatic damage appeared. The patient so treated survived therapy {.; 
several months but was not cured. 

One must be cautious not to build up on the part of physicians and patients 
expectations as regards cure of this disease which later are dissipated. I should 
like, therefore, to ask Dr. Osgood whether the experience of others with his 
method is as good as his own results. Are the results more favorable than the 
expected remissions which occur in this disease? 

Whenever any new method is suggested, it should first be given a trial in th: 
laboratory or test tube, as Dr. Osgood and we have done, before patients ar 
subjected to it. When it is used on a patient, the question of possible ill effects 
and discomfort must be weighed against the possible benefits. All studies, like 
those by Dr. Osgood, by us and by others, are in the nature of clinical experi- 
mentation, and the final judgment as to which therapeutic agent, if any, will be 
useful will have to wait the test of time. Frankly, our own clinical experiments 
have been extremely disappointing, but this does not mean that further trials are 
not warranted. 

Dr. C. M. Gruser, Philadelphia: If there is no further discussion, I should 
like to ask Dr. Osgood one question: Just how does the neoarsphenamine act, 
since it apparently does not act through the arsenic? It is thought, for example. 
the neoarsphenamine is changed to arsenoxide, and the arsenoxide then is the 
active part. It looks as if this must act as a whole molecule. Will you also 
answer that, please? 

Dr. Epwin E. Oscoop, Portland, Ore.: Dr. Katz’s observation that neoarsphen- 
amine penetrates fibrin better than do drugs of the sulfanilamide group is an 
important one and may explain the fact that my colleagues and I have had better 
results with neoarsphenamine than we have with the sulfanilamide drugs. 

The 4 patients who have been free of symptoms for eight to sixteen months 
represent all the patients, with 1 exception, cited in the paper, that have been 
treated by the method we now recommend who showed a drop in temperature 
and clinical response within the first six to ten days. During that time about an 
equal number of patients whose infecting organism was not affected by neoars- 
phenamine clinically or in marrow cultures were treated with sulfathiazole, and 
none of these patients has recovered. Prior to July 1, 1940, when the dosage 
which would maintain adequate blood arsenic levels for an adequate period was 
determined, several patients who were treated with neoarsphenamine inadequatel) 
had marked clinical improvement for one to three months but subsequentl) 
relapsed. There is no question but that a long time, at least two years, must 
elapse before a statement in regard to cure is justifiable. 

In regard to toxicity, mild polyneuritis occurred in 1 patient and mild derma- 
titis in another. Before the correct clinical dosage was determined 1 case of 
severe exfoliative dermatitis developed. The therapy has not been used with 
enough patients to permit us to predict the toxicity of the agent accurately. It 
should be intermediate between that associated with the continuous drip therap) 
and that associated with the standard treatment for syphilis. 

In regard to the question about the way in which we derived this particular 
dosage, it was based on the fact that neoarsphenamine leaves the blood fair!) 
rapidly during the first four hours after administration; then the rate of elimina 
tion is much slower, and the level in the blood is proportional to the blood volun: 
and body weight. So by giving a dose based on body weight every four hours 
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the first four doses the level can be built up to within the effective range at 
end of four hours, and there is still no time, except for a short period after 
first dose, from the moment of giving the first dose when the blood level is 
t in effective range. While it is true that theoretically continuous drip therapy 
would give a more uniform level if it were continued twenty-four hours a day, 
the method of administration I have recommended is simpler and maintains a level 
within the effective range continuously. The levels and the curves were based 
mn over 100 determinations of blood arsenic for patients of widely different weights, 
and we find good agreement between this theoretic curve and the actual blood 
arsenic levels. I do not have time to present them here, but we have equations 
from which we can predict, within about +20 per cent, the blood arsenic level 
for any patient so far studied if the body weight, the time of administration of the 
last dose of neoarsphenamine, the amount of neoarsphenamine in each dose and the 
intervals between doses previously given are shown. 

in regard to the question about the mechanism of action, from a great deal of 
work already done we feel that the action is directly on the organism, that it may 
well not be due to the arsenical part of the radical because none of the other 
arsenicals tested has been as effective and that it apparently is not due to the 
sulfoxalate group because sodium formaldehyde sulfoxalate was not effective. I 
plan to investigate the effectiveness of compounds similar to neoarsphenamine but 
with sulfur or nitrogen substituted for the arsenic and drugs of the sulfanilamide 
group with arsenic substituted for sulfur. 

The effect of temperature has been given in the paper. Growth of the organ 
isms is essential for the action. Fever with neoarsphenamine may be somewhat 
more effective than is neoarsphenamine alone. The action is not due to phago 
cytosis ; there are morphologic changes in the organisms; the action does take time, 
and the concentration has to be extremely accurate. Half as much is not effective ; 
twice as much is toxic. We know that paraaminobenzoic acid does not interfere 
with the action of neoarsphenamine as it does with the action of drugs of the 
sulfanilamide group. Administration of oxidizing or reducing agents with neo 
arsphenamine does not greatly affect the activity in concentrations that would be 
possible to obtain in the human body. Vitamin C added with the neoarsphenamine 
to marrow cultures does not decrease the activity or the toxicity, which, of course, 
does not prove that it would not decrease toxicity in the human body. Glutathion« 
pius neoarsphenamine in our cultures is more effective than is neoarsphenamine 
alone. We have not used it in combination with neoarsphenamine in the clinic 








CLINICAL STUDIES OF DRUG ADDICTION 


PHYSICAL DEPENDENCE, WITHDRAWAL AND RECOVERY 


C. K. HIMMELSBACH, M.D. 
Passed Assistant Surgeon, United States Public Health Service 
LEXINGTON, KY. 


The mechanisms of tolerance to and dependence on narcotic drugs 
are not known, but the studies of Light and Torrance ' furnished ample 
proof that the addict can withstand tremendous amounts of morphine 
and that while receiving morphine in amounts adequate to his addiction 
needs, the addict is practically normal from a physiologic point of view. 
Withdrawal of morphine, however, precipitates a characteristic syndrome 
of signs and symptoms indicating significant disturbance of many body 
functions.* After a few stormy days the recovery process becomes 
evident, and after several weeks patients appear to have recovered 
physically. However, the clinical impression at this hospital has been 
that six to nine months of total abstinence is requisite to adequate 
recovery. Since objective data on the recovery process were needed to 
establish this, a longitudinal study was undertaken in which a number 
of observations were made on a group of patients during the last week of 
addiction, the first fifteen consecutive days following withdrawal and at 
thirty day intervals to the ninth month of abstinence. It was thought 
that such a study would give information not only on the rate of recovery 
but on the completeness of adjustment of various functions to narcotic 


From the United States Public Health Service Hospital. 

1. Light, A. B., and Torrance, E. G.: Opium Addiction: Effects of Intra- 
muscular and Intravenous Administration of Large Doses of Morphine to Human 
Addicts, Arch. Int. Med. 44:376 (Sept.) 1929. 

2. (a) Light, A. B., and Torrance, E. G.: Opium Addiction: Physical Char- 
acteristics and Physical Fitness of Addicts During Administration of Morphine, 
Arch. Int. Med. 43:326 (March) 1929; (b) Opium Addiction :* Circulation and 
Respiration of Human Addicts During Administration of Morphine, ibid. 43:556 
(April) 1929. (c) Karr, W. G.; Light, A. B., and Torrance, E. G.: Opium 
Addiction: Blood of Human Addict During Administration of Morphine, ibid. 
43:684 (May) 1929. (d) Light, A. B., and Torrance, E. G.: Opium Addiction: 
Miscellaneous Observations on Human Addicts During Administration of Mor- 
phine, ibid. 43:878 (June) 1929. 

3. Light, A. B., and Torrance, E. G.: Opium Addiction: Effects of Abrupt 
Withdrawal Followed by Readministration of Morphine in Human Addicts, with 
Special Reference to Composition of Blood, Circulation, and Metabolism, Arch. 
Int. Med. 44:1 (July) 1929. Kolb, L., and Himmelsbach, C. K.: Clinical Studies 
of Drug Addiction: Critical Review of Withdrawal Treatments with Method of 
Evaluating Abstinence Syndromes, Am. J. Psychiat. 94:759 (Jan.) 1938. 
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drugs. The latter information might be helpful in understanding toler- 
ance and physical dependence. 


MATERIAL AND METHOD 


The subjects selected for this study were cooperative white adult male pris- 
oner or probationer patients, who were physically normal except for valid physical 
dependence on an opiate at the time of admission. Studies were started on 27 
and completed on 21 such patients from Nov. 24, 1936 to Feb. 21, 1941. Eleven 
of the 21 patients received only morphine; for the remaining 10 certain deriva- 
tives* were substituted for morphine. Physiologic stability was maintained by 
the administration of one of these narcotics for at least a week prior to abrupt 
withdrawal. The following factors were measured during the sequential periods 


of observation : 


IVeight—The patient was weighed stripped at 6 a. m., and the weight was 
recorded in kilograms. 

Caloric Intake—The total number of calories ingested daily was estimated 
from tables of caloric values for foodstuffs. The patients were served weighed 
amounts of food, and the uneaten portions were weighed prior to disposal. No 
food was available between meals. 

Sleep —Observations were made every half hour, and the total amount of 
sleep was recorded in hours per day. 

Basal Metabolic Rate. 

Temperature—The rectal temperature (C.) was taken at 6 a. m. and 2 and 
7 p. m., and the average of the three determinations was recorded. 


This was measured under standard conditions. 





Respiration—The rate per minute was noted at 6 a. m. and 2 and 7 p. m.,, 
and the average of the three determinations was recorded. 

Blood Pressure—The systolic and the diastolic pressure, in millimeters of 
mercury, was determined at 6 a. m. with the patient recumbent. 

l’enous Blood—A sample of venous blood was drawn with minimum stasis 
with the patient in the postabsorptive state, and the levels of dextrose, inorganic 
phosphorus and lactic acid; the sedimentation rate; the hematocrit reading and 
the specific gravity were determined. One cubic centimeter of blood was treated 
with heparin for determining the specific gravity by the method of Barbour and 
Hamilton,> and the remainder of the sample was oxalated by the method of 
Wintrobe, Shumacker and Schmidt. Blood used for the measurement of inor- 
ganic phosphorus was precipitated in trichloroacetic acid within one minute after 
venipuncture. The values reported for the sedimentation rate are readings made 
in Wintrobe tubes at one hour; hematocrit readings were made after the tubes 
were centrifuged at 2,000 revolutions per minute for fifteen minutes. 


4. Dihydrocodeinone enol acetate (acedicon) was substituted for morphine in 
2 patients, dihydrocodeine methyl ether (tetrohydrothebaine) for 2, dihydroalpha- 
isomorphine for 1, alphaisomorphine for 2, dihydroisocodeine for 1 and isocodeine 
for 2. 

5. Barbour, H. G., and Hamilton, W. F.: The Falling Drop Method for 
Determining Specific Gravity, J. Biol. Chem. 69:625 (Aug.) 1926. 

6. Wintrobe, M. M.; Shumacker, H. B., Jr., and Schmidt, W. J.: Values 
for Number, Size and Hemoglobin Content of Erythrocytes in Normal Dogs, 
Rabbits and Cats, Am. J. Physiol. 114:502 (Jan.) 1936. 
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RESULTS 


The results are presented as group means for each factor, measured 
daily during the last seven days of addiction and the first fifteen days 
of abstinence and once during each thirty day interval from the thirtieth 
through the two hundred and seventieth day of abstinence. Curves have 
been drawn to illustrate the sequential changes in each factor in a longi- 
tudinal fashion (figure). 

IV eight—These data are presented as deviations in kilograms from 
the weight on the last day of addiction. A steady but small increase in 
weight occurred during addiction, followed by a 3 Kg. loss shortly after 
withdrawal. Most of this loss was regained by the fifteenth day of 
abstinence. The patients continued to gain, and finally the weight 
reached a plateau 6 Kg. above the addiction level four months after 
withdrawal. This phenomenon has been reported by Brown.’ 

Caloric Intake-—A steady but small increase in appetite occurred 
during addiction. The anorexia of withdrawal was characteristic. 
Recovery of appetite was complete within one week; then until the 
second month of abstinence the caloric intake was greater than during 
addiction. It then fell to and slightly below the addiction level and 
remained there. 

Sleep.—Sleep was somewhat irregular during addiction, the patients 
averaging about seven hours’ sleep out of twenty-four. The sleep “yen” 
described by Light and Torrance * was definite on the first day after 
withdrawal; the patients thereafter showed the insomnia characteristic 
of early abstinence. Recovery in sleep was nearly complete by the 
fifteenth day, but improvement continued until the second month of 
abstinence; thereafter the patients slept slightly but consistently more 
than during addiction. 

Basal Metabolic Rate—The average basal metabolic rate of this 
group was about —7 per cent during addiction. A typical rise occurred 
after withdrawal, and then the basal metabolic rate declined steadily until 
the addiction mean was regained, by the fourth to the sixth month of 
abstinence. 

Temperature —The average daily temperature of these patients 
during addiction was 37.1 C. After withdrawal they showed the fever 
typical of early abstinence. Recovery was complete by the thirtieth day 
of abstinence, but the temperature fell to 37.0 C. on the sixtieth day 
and remained there. 


7. Brown, R. R.: Relation of Body Build to Drug Addiction, Pub. Health 
Rep. 55:1954 (Oct. 25) 1940. 

8. Light, A. B., and Torrance, E. G.: Opium Addiction: Conduct of Addict 
in Relation to Investigative Study, Arch. Int. Med. 48:206 (Feb.) 1929. 
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Daily group means of measurements made during clinical studies of drug 
addiction, including physical dependence, withdrawal and recovery. 
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Respiration.—The average respiratory rate of these patients was 
about 15.3 per minute during addiction. The hyperpnea of withdrawal 
was characteristic. The addiction level was not regained during the 
period of study, but the respiration rate leveled off (16 to 17 per minute) 
by the third month of abstinence. 

Blood Pressure.—During addiction the mean systolic values ranged 
from 109 to 113 mm. of mercury, and the diastolic values, from 68 to 
70 mm. The pressor effect of withdrawal was typical in both measures. 
The upper range of the systolic pressure during addiction was regained 
by the sixth month of abstinence, but the diastolic values tended to level 
off about 4 mm. above the addiction mean after the fourth month of 
abstinence. 

Venous Blood Studies —Sugar: The range of blood sugar during 
addiction was 84 to 86 mg. per hundred cubic centimeters. After with- 
drawal there was a brief period of hyperglycemia. Recovery was com- 
plete in eight days, and no further change occurred thereafter. 

Inorganic Phosphorus: The addiction level was about 3.3 mg. per 
hundred cubic centimeters. After withdrawal the level fell to 2.8 mg. 
per hundred cubic centimeters, then rose to within the range, 2.9 to 
3.0 mg., on the third day and remained there. 

Lactic Acid: The addiction level of about 15 mg. per hundred cubic 
centimeters was lower than that found by Karr, Light and Torrance.* 
A peak of 45 mg. per hundred cubic centimeters was reached on the 
second day after withdrawal; then the amount of lactic acid in the blood 
declined steadily and leveled off at about 17 mg. per hundred cubic 
centimeters after the fifteenth day of abstinence. 

Sedimentation Rate: The rate of sedimentation was faster than 
normal during addiction and was further increased on the first day after 
withdrawal. This increase was followed by a prompt fall to within the 
range 14 to 16 mm. per hour, which was maintained until the sixtieth 
day of abstinence. Then, after a decrease to 11 mm. per hour, the afore- 
mentioned range was regained by the sixth month. 

Hematocrit Reading: The addiction level, 43 to 44 per cent, and the 
concentration of the first few days after withdrawal, followed by a return 
toward the addiction level, and then a rise to a higher range, 46 to 49 per 
cent, correspond with the results reported by Williams.* No further 
change occurred after the fifth month. 

Specific Gravity: The changes in the specific gravity of the blood 
nearly parallel those described in the paragraph on the hematocrit reading 
and show hydration during addiction ; concentration on the second, third 


9. Williams, E. G.: Blood Concentrations in Morphine Addicts, J. Pharmaco! 
& Exper. Therap. 67:290 (Nov.) 1939 





HIMMELSBACH—DRUG ADDICTION 771 





and fourth days of abstinence; rehydration, and then recovery by the 
fourth or the fifth month. The trend of the changes in the specific 
gravity is similar to that described by Williams.* 


COMMENT 


If recovery from physical dependence on narcotics can be assumed 
to have taken place when equilibrium is regained, these results indicate 
that physical recovery requires not less than six months of total absti- 
nence. As far as the particular factors studied are concerned, the period 
of recovery (as represented by the attainment of constant levels in the 
figure) was not uniform but varied from about one week to about six 
months. Those factors showing recovery in one month or less were 
the levels of sugar, inorganic phosphorus and lactic acid in the blood; 
those taking two or three months were temperature, caloric intake, sleep 
and respiration, while those requiring four to six months were weight, 
basal metabolic rate, blood pressure, the hematocrit reading, the sedi- 
mentation rate and the specific gravity of the blood. The simplest single 
index of physical recovery from addiction would seem to be three con- 
secutive monthly measurements of body weight which do not show any 
upward trend, for the data indicate that after the third month of the 
weight plateau, no further recovery occurred in any of the factors studied. 

Comparison of the data on these patients during addiction with those 
obtained after recovery indicates that adjustment to morphine is not 
complete during addiction. Of the fourteen factors studied, only the basal 
metabolic rate and the level of blood sugar were the same during addiction 
and after recovery. The tendency of weight to increase during stabiliza- 
tion and the augmented appetite suggest that these patients may not have 
been receiving an adequate diet prior to admission. Sleep, likewise, may 
have been disturbed by the process of adjustment to a different 
environment. 

Certain of the deviations of addiction, such as decreased body weight, 
slightly increased appetite, diminished sleep, elevated body temperature 
and increased sedimentation rate, would be consistent with augmented 
metabolism. However, the slowed respiration, the lowered blood pres- 
sure and level of lactic acid and the unchanged basal metabolic rate and 
level of blood sugar do not conform with this. Tatum, Seevers and 
Collins ° have advanced the view that morphine simultaneously stimu- 
lates certain portions of the nervous system and depresses others. Since 
the stimulant action outlasts the depressant effect, the former tends to be 
cumulative with repetitive doses, eventually resulting in a characteristic 


10. Tatum, A. L.; Seevers, M. H., and Collins, K. H.: Morphine Addic- 
tion and Its Physiological Interpretation Based on Experimental Evidences, J. 
Pharmacol. & Exper. Therap. 36:447 (July) 1929. 
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type of alteration called addiction. This theory, which explains addict: 
as a strange mixture of stimulation and depression, offers a possil)k 
explanation of these results. 
The recovery values for the basal metabolic rate and the level oj 
inorganic phosphorus in the blood appear to be subnormal. The average 
basal metabolic rate in 82 patients (former addicts without hyper- 
thyroidism) in whom this factor was measured for clinical purposes 
was —5 per cent. This value is in sufficiently close agreement with the 
recovery data to suggest that the basal metabolic rate of addicts after 
recovery is subnormal. Whether this is an irreversible effect of addiction 
or a characteristic of persons who become addicts cannot be determined 
from these data. 
The inorganic phosphorus in the blood was determined by the method 
of Youngburg and Youngburg * but on whole blood instead of serum. 
The normal range by this method at this hospital is 2.25 to 3.25 mg. per 
hundred cubic centimeters. This would indicate that the level oi 
inorganic phosphorus in the blood of addicts during addiction is higher 
than normal. Karr, Light and Torrance * found the level of inorganic 
phosphorus in the serum to be subnormal during addiction. Unpublished 
data on 37 other patients obtained during addiction and the first ten days 
after withdrawal are in close agreement with the results obtained in this 
group. 
CONCLUSIONS 
The results of a longitudinal study of 21 persons addicted to morphine 
or one of its derivatives from the addicted state through withdrawal to 
the ninth month of total abstinence indicate: 
1. The adjustment of physical functions to morphine addiction, while 
biologically adequate, is incomplete. 
2. Physical recovery from addiction is an irregular process requiring 
approximately six months. 
3. A simple measure for the estimation of physical recovery from 
addiction is weighing the patient at monthly intervals following with- 
drawal. When no significant increase in weight occurs for three succes- 
sive months, it appears safe to assume that maximum physical recovery 
has been reached... 
4. The basal metabolic rate of the recovered addict is subnormal. 


The following personnel gave technical assistance: Miss Othilia Mertes and 
Messrs. Ward Workman, Henry Elam, Charles Keebaugh, Robert Blake, Vin- 
cent McFadden, Clinton Gray, Charles Allday, Howard Moninger, John Buchan- 
nan and Harold Bowhay. The determinations of lactic acid in the blood were 
made by Mr. Eugene Douglass. 


11. Youngburg, G. E., and Youngburg, M. J.: Phosphorus Metabolism: Sys- 
tem of Blood Phosphorus Analysis, J. Lab. & Clin. Med. 16:158 (Nov.) 1930 





CONCENTRATION OF CARBON DIOXIDE IN 
EXPIRED AIR 
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The concentration of carbon dioxide in the expired air is determined 
routinely during the estimation of basal metabolism by the open circuit 
method. This concentration is dependent on the relation of the volume 
oi respired air to the rate of production or elimination of carbon dioxide. 
The physiologic relation between respiration and the production of carbon 
dioxide has been summarized by Henderson ': 


The control of breathing . . . involves many factors: oxygen, carbon dioxide, 
blood alkali and H ions, and particularly the sensitivity of the respiratory center 
under a wide range of conditions and influences. For conditions of health the 
accepted teaching is that of Haldane and his collaborators. It can be summar- 
ized in the statement that a normal man .. . breathes . . . volumes of 
air that are closely proportional to the amounts of carbon dioxide that are pro- 
duced in his tissues. When he sits still, the amount of energy liberated in his 
body and the amount of carbon dioxide produced are relatively small; and he 
breathes a correspondingly small volume of air. When he walks about and pro- 
duces more carbon dioxide, he breathes more air (still) in proportion to the 
carbon dioxide. In other words, he ventilates his lungs in close proportion to 
the energy expended and the oxygen needed but the agent through which the 
adjustment ts made is carbon dioxide. |The italics are ours.] 


Although in clinical medicine the measurement of respiration is of 
great importance, the methods usually employed are inadequate. The 
respiratory rate alone is not indicative of the volume of respiration. 
The minute volume of air breathed takes no account of the size or 
metabolic activity of the subject. The minute volume per spare meter 
of surface area offers a correction for size only but not for variation in 
the metabolic rate. The concentration of carbon dioxide in the alveoli 
of the lungs measures the relation of alveolar ventilation to carbon 
dioxide output. However, it is difficult to apply this measurement in 
clinical medicine. 

From the Division of Cardiology, Department of Medicine, and the Respira- 
tion Laboratory, New York Post-Graduate Medical School and Hospital, Columbia 
University. 

*Frank Melville Fellow in Cardiology. 

1. Henderson, Y.: Adventures in Respiration, Baltimore, Williams & Wilkins 
Company, 1938, p. 49. 
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VENTILATION EQUIVALENTS 


Within recent years several ventilation equivalents have been pro- 
posed for measuring the volume of respiration in relation to the meta- 
bolic demand. In 1926, Simonson ? chose to express the minute volume 
of respired air per calory of heat produced as the “caloric ventilation 
equivalent.” In 1928, Herbst * called the amount of oxygen retained 
by the body out of 1 liter of inspired air the “utilization coefficient.’ 
In 1930, Anthony,* also relating pulmonary ventilation to oxygen con- 
sumption, described the “ventilation equivalent for oxygen.” Marias 
and McMichael,’ in 1937, proposed correcting pulmonary ventilation 
for carbon dioxide production by using the “ventilation equivalent for 
carbon dioxide.” The ventilation equivalents have been called “dilution 
ratios” by Henderson.® 

In spite of their sound theoretic bases and the obvious necessity for 
making such a correction in ventilation measurements, none of these 
indexes has been widely used. Knipping and Moncrieff * have reported 
studies on the ventilation equivalent for oxygen, using Anthony’s 


minute volume in liters K 100 
oxygen consumption in cubic centimeters per minute ° 


jects they found an average ventilation equivalent of about 2.50, with 
limits of 1.68 and 2.89, with no apparent difference for sex or age. 
They concluded that in persons with disease of the circulatory or 
respiratory system the equivalent is raised roughly in proportion to 
the degreé of failure of function; in patients in a diabetic coma it 
serves as a delicate indication of the degree of ketosis. Hurtado and 
Boller * found from 15 observations an average ventilation equivalent 


In 54 normal sub- 





formula 


2. Simonson, E.: Zur Physiologie des Energieumsatzes beim Menschen, Arch. 
f. d. ges. Physiol. 114:380, 1926. 

3. Herbst, R.: Der Gasstoffwechsel als Mass der k6érperlichen Leistungs- 
fahigkeit; die Bestimmung der Sauerstoffaufnahmevermégens beim Gesunden, 
Deutsches Arch. f. klin. Med. 162:33, 1928. 

4. Anthony, A. J.: Untersuchungen tiber Lungenvolumina und Lungenven- 
tilation, Deutsches Arch f. klin. Med. 167:129, 1930. 

5. Marias, O. A. S., and McMichael, J.: Theophylline—Ethylene Diamine 
in Cheyne-Stokes Respiration, Lancet 2:437, 1937. 

6. Henderson, Y.: The Principles Controlling Respiration in Health and Dis- 
ease, in Blumer, G.: The Practitioners Library of Medicine and Surgery, New 
York, D. Appleton-Century Company, Inc., 1938, vol. 1, chap. 11. 

7. Knipping, H. W., and Moncrieff, A.: The Ventilation Equivalent for 
Oxygen, Quart. J. Med. 1:17, 1932. Moncrieff, A.: Tests for Respiratory Eff- 
ciency, Medical Research Council, Special Report Series, no. 198, London, His 
Majesty’s Stationery Office, 1934, pp. 194-205. 

8. Hurtado, A., and Boller, C.: Studies of Total Pulmonary Capacity and 
Its Subdivisions: I. Normal, Absolute, and Relative Values, J. Clin. Investiga- 
tion 12:793, 1933. 
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of 2.6, with variations between 1.47 and 4.04 and with a standard devi- 
ation of 0.73 (coefficient of variation 28 per cent), and concluded that 
the variability was too great for clinical value. McMichael® in a 
eroup of 76 normal subjects found a coefficient of variation of 16 per 
cent for the oxygen equivalent and 14 per cent for the carbon dioxide 
equivalent. McMichael also found the ventilation equivalent for oxygen 
to vary widely with changes in the respiratory quotient while the ven- 
tilation equivalent for carbon dioxide remained more constant and 
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Fig. 1—Apparatus used in the estimation of basal metabolism (from Bailey *°). 


concluded that the latter was more reliable. It is therefore desirable to 
submit the principle of ventilation equivalents to a critical examination 
in large numbers of subjects to determine its reliability and possible 
clinical significance. 
METHOD AND MATERIAL 

The results presented in this paper have been obtained from basal metabolism 
determinations made with the Tissot, or open circuit, type of apparatus, in which 
the subject breathes atmospheric air. The expired air is collected and measured 


9. McMichael, J.: Hyperpnea in Heart Failure, Clin. Sc. 4:19, 1939. 
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in a 100 liter gasometer, from which duplicate samples are removed and anal) zed 
with the Haldane-Henderson apparatus. The method as applied in-the respira- 
tion laboratory of the New York Post-Graduate Medical School and Hospital \ 
is illustrated in figure 1. The subject, in a semireclining position, wears a rubber 
mask 1! which covers the whole face and presents broad surfaces which closely 
engage the forehead, the sides of the face and the lower jaw. In this mask, 
the incoming air is directed upward toward the windows and the opening of the 
expiratory pipe is opposite the mouth and nose. Two foot (61 cm.) lengths of 
24 mm. corrugated tubing connect the mask with low resistance air valves‘? As 
the subject breathes, the air is drawn from outdoors and passed into the 
gasometer without conscious effort. The duration of the test is five to twenty- 
five minutes, depending on the rate of ventilation. Records of over 35.000 basal 
metabolism examinations personally conducted by one of us (C. V. B.) have been 
available for this study.1* Most of the results presented are based on examina- 
tions made during the past two years. Additional data have been obtained at 
times by the use of a portable open circuit type of apparatus and an aliquoting 
device for sampling the expired air. With this apparatus tests can be continued 
for a half hour or longer. All subjects have been examined in the basal state, 
with careful adherence to all conditions found by experience to be necessary for 
accurate determination of the basal metabolic rate. All respiration studies have 
been personally conducted by one of us (C. V. B.). 


CORRELATION OF RESPIRATION WITH METABOLISM 


Both oxygen demand and carbon dioxide production can stimulate 
respiration.'* Of the two, the production of carbon dioxide is recog- 
nized as the more urgent and effective stimulus.'® On theoretic grounds 
the volume of respiration should most closely parallel carbon dioxide 
production. However, other authors have proposed to relate ventila- 
tion to heat production and oxygen consumption, as well as to carbon 
dioxide production. A study has been made of each of these factors 
in a series of 500 consecutive basal metabolism examinations, excluding 
as subjects any person having a known cause of respiratory abnormality. 
The subjects were not restricted as to age, sex or level of basal metab- 
olism. The minute volume of respiration was plotted against surface 
area, as well as against heat production, oxygen consumption and 


10. Bailey, C. V.: Apparatus Used in the Estimation of Basal Metabolism, 
J. Lab. & Clin. Med. 6:657, 1921. 

11. Bailey, C. V.: Notes on Apparatus Used in Determining the Respiratory 
Exchange in Man: I. An Adaption of the French Gas Mask for Use in Respira- 
tory Work, J. Biol. Chem. 47:277, 1921. 

12. Bailey, C. V.: A Low Resistance Air Valve, Proc. Soc. Exper. Biol. & 
Med. 24:184, 1926. 

13. Dr. Harry Wieder, Mr. Irving Wieder and Mrs. Lee Wieder, members 
of the staff of the respiration laboratory, gave technical assistance. 

14. Haldane, J. S., and Priestley, J. G.: Respiration, New Haven, Conn.. 
Yale University Press, 1935. 

15. Henderson. Haldane and Priestley.2+ 
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carbon dioxide production, to determine with which of these factors 
‘he volume of respiration is actually most closely correlated. From 
an inspection of the scatter diagrams (figs. 2, 3 and 4) it may be seen 
‘hat the minute volume in liters per minute is widely variable. In gen- 
eral, ventilation tends to vary directly with the size of the subject, but 
the accuracy of ventilation measurements cannot be greatly improved 
merely by correcting for the surface area. On the other hand, the 
volume of respiration closely parallels both oxygen consumption and 
carbon dioxide production. 


SURFACE AREA 
sQ.M. 
2.4) 





0.8 . VENTILATION L/mm. 








30 «0 $0 60 10 80 90 10.0 


Fig. 2—The relation of ventilation and surface area in 500 consecutive sub- 
jects with known abnormality excluded. 


Taste 1.—Correlation of Ventilation and Various Factors in Five Hundred 








Subjects 
Correlation 
Coefficient PE, 
Ventilation and surface area...............-..2..ceeeeeeee +0.579 +0.0200 
Ventilation and oxygen consumption..................... +0.890 +0.0062 
Ventilation and heat production.....................+005. +0.903 +0.0059 
Ventilation and earbon dioxide production............... +0.917 +0 .0048 





Correlation may be demonstrated more precisely by statistical meth- 
ods than by visual impressions. The correlation coefficient is the 
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accepted measure for this purpose. As this coefficient approaches unity, 
the theoretic perfect correlation is present. From an examination of 
the correlation coefficients calculated from the data on these 500 sub- 
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Fig. 3—The relation of ventilation and oxygen consumption in 500 consecutive 
subjects with known abnormality excluded. 


jects, the association of respiration with surface area is interpreted as 





being fairly good. The correlations between ventilation and heat pro- 





duction, oxygen consumption and carbon dioxide production are excel- 
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‘ent, and of these the correlation with carbon dioxide production is 
the best. 

Although the actual difference between any of the ventilation equiva- 
lents is rather small, the ventilation equivalent for carbon dioxide pro- 
posed by Marias and McMichael® 1s the most reliable. From an 
inspection of the usual formulas used in respiration studies, the ventila- 
tion equivalent for carbon dioxide is found to be the reciprocal of the 
concentration of carbon dioxide in the expired air. 


€O,| PRODUCTION 
ce./ min. 





wo} ° = VENTILATION L/min. 








3» 40 so 60 10 80 90 ap 


Fig. 4—The relation of ventilation and carbon dioxide production in 500 con- 
secutive subjects with known abnormality excluded. 


Since ventilation (V) & CO,% = CO, production, then Ck 
_ ae (or the ventilation equivalent |V.E.] for CO,). Since the 


concentration of carbon dioxide in inspired atmospheric air is so small 
(0.04 per cent), for practical purposes the concentrations of expired 
and produced carbon dioxide have the same significance. Therefore, 
the concentration of carbon dioxide in the expired air may be used as 
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a simple practical measure of the relation of respiration to the output 
of carbon dioxide. In this way abnormalities in respiration can he 
readily detected, regardless of the size or metabolic activity of the 
subject. 

The concentration of carbon dioxide may be expressed as a per- 
centage or as a partial pressure; the partial pressure in the expired 
air saturated with water vapor at 37 C. = (barometric pressure cor- 
rected — 47 mm. of mercury) * CO,%. 

In the 500 subjects used in the previous correlation the coefficient 
of variation for the percentage of carbon dioxide was found to be 7.437 
per cent, while the coefficient for the partial pressure was 7.406 per 
cent. The partial pressure of carbon dioxide in the expired air appears 
to be slightly less variable. This is consistent with the concept that 
respiration is regulated by the pressure of the respiratory gases.‘° In 
these studies the carbon dioxide tension of the expired air has been 
chosen as the most suitable measure of the volume of respiration. It 
should be remembered that the partial pressure of carbon dioxide in 
the expired air varies inversely with the volume of respiration, and 
thus a fall in the partial pressure is indicative of an increase in the 
volume of respiration beyond that normally expected from the rate of 
carbon dioxide production. 


AVERAGE NORMAL VALUES AND THE VARIATION WITH SEX AND AGE 


This study is based on 2,021 consecutive determinations of basal 
metabolism in subjects from whom had been excluded all those known 
to have any abnormality affecting respiration and all those with definite 
hypothyroidism or hyperthyroidism. Obviously, it cannot be stated that 
all abnormal subjects have been excluded. The frequency distribution 
(fig. 5) of the concentration of carbon dioxide in the expired air of these 
2,021 subjects shows a curve of the Gaussian, or normal, type. The mean 
values and the variability for the series are shown in table 2. 

Figure 6 and table 3 show the trends for both sexes from the age 
of 5 to 65 years and over. For males beyond the age of 55 the results 
may not be significant because of the limited number of subjects. With 
great variation in age there is relatively little variation in the average 
partial pressure of carbon dioxide in the expired air. In females up 
to the age of 60 the range of the means is only 4.5 per cent; it is some- 


what greater in the smaller series of males. 


16. Boycott, A. E.. and Haldane, J. S.: The Effects of Low Atmospheric 
Pressures on Respiration, J. Physiol. $7:355, 1908. Haldane and Priestley.'* 
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In both sexes ventilation tends to increase slightly with advancing 
ave. It is interesting that during the years of menstruation females 
consistently show a slightly greater ventilation proportionate to carbon 
dioxide production. This may be due to the lower blood pressure or 
to the lower hemoglobin values of women before the menopause or 
may be related to the presence of the female sex hormones. The per- 
centage variation between the sexes is small, at its maximum only 
about 4 per cent. The conclusion of Knipping and Moncrieff * that the 
ventilation equivalent is apparently uninfluenced by sex and age is 


NO. OF SUBJECTS 


a - -=— oe 


406 MALES 











7 18 9 20 21 22 23 
CO, TENSION IN THE EXPIRED AIR 


Fig. 5—The carbon dioxide tension in the expired air in 2,021 subjects with 


known abnormality excluded. The calculated normal curve is superimposed. 


TABLE 2.—Mean Values and Variability of the Concentration of Carbon Dioxide 
in Expired Air in 2,021 Subjects 








Sex of Number of Mean COz Standard Coefficient of 
Subjects Subjects Tension Deviation Variation, % 
2 1,613 20.01 1.38 6.93 
os 408 20.33 1.45 7.13 





roughly and for practical purposes correct. The variations which do 
occur are interesting and significant, but for clinical purposes we 
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believe they are not sufficiently large to require the adoption of different 
normal standards for age and sex. 

The average normal value for the concentration of carbon dioxide 
in the expired air as determined in Gur series is approximately 12 to 
15 per cent lower than that calculated from the normal ventilation 
equivalents reported by other authors. This variance in results probably 
arises from differences in the type of apparatus and technic used. In 
this laboratory, when low resistance air valves were substituted for 
Sadd valves the concentration of carbon dioxide in the expired air 
was lowered about 10 per cent. We have also observed that the arti- 
ficial introduction of obstruction in the apparatus tends to increase 
the concentration of carbon dioxide in the expired air. The use of a 
face mask rather than a mouth piece and nose clip is probably another 
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Fig. 6—The relation of sex and age to the volume of respiration corrected 
for metabolic demand in 2,021 subjects with known abnormality excluded. 


TasLe 3.—I’ariation in the Concentration of Carbon Dioxide in Expired Air 
with Relation to Sex and Age 











Males Females 
tc a ~ t —_——_—_— —— 
Number of Mean CO2z Number of Mean CO: 
Age, Yr. Subjects Tension Subjects Tension 

BUR igccduentacvccvitemsensuens 21 20.23 48 20.48 
BEG § noo vow ay ade cans ceuneeera 100 20.56 89 20.69 
re rte ee 36 21.34 138 20.51 
EG dawcucteeae asics weaswehes mesan 32 20.72 149 20,21 
De wid bax'es vevk ou wenenonn aeons 36 20.48 223 20.02 
ren er | B 20.27 213 19.87 
Pins oiiccnevkevkesahoeeueehannen 42 19.97 207 19.84 
Nes pew dude duasawk er ewubate pons 27 19.94 161 19.75 
SG hEiauy Ue ckes enw ks enh anise inne 27 19.76 156 19.98 
a hs Rawedsn tae degen oan eed 17 19.51 108 19.84 
SRLS 5 nna <ckasbapab heen Vaeanes 5 19.51 59 19.94 
PEG ies sea kerbseseviviwas meets 5 19.47 32 19.25 
GRAD GUE... « ddin.css sedcccswevaces 7 


18.97 18 18.95 
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factor affecting the concentration. Higher concentrations may occur 
when subjects are not under basal conditions, and we do not know 
whether other investigations have always been made under basal meta- 
bolic conditions. Although absolute values may vary with the type of 
apparatus used, with uniform technic respiration can be accurately and 
consistently measured by means of the concentration of carbon dioxide 
in the expired air. 


VARIABILITY OF THE TENSION OF CARBON DIOXIDE IN 
THE EXPIRED AIR 
A preliminary survey of this question has been made according to 
the method used by Boothby and associates ‘* in reporting the vari- 
ability in basal metabolism. In physiologic measurements a certain 
variation may be found in a single subject examined several times in 


Taste 4.—Variability of the Concentration of Carbon Dioxide in Expired Air 








Coefficient of Variation 
A 





—- ~ 
COs Tension, Basal Metabolic 


% Rate, % 
Gains WSR I I a oa ook dice odo o Fae s cs vee scesacceceecasees 1.6 3.0 
Same subject, different dayS..............--.0-ccccccceeeceees re 2.7 4.1 
OR I ae ARN ae oe ook ccs reba ths seccensenicscies re 5.0 7.0* 
Subject with known pathologie condition excluded............... 6.3 10.0* 
All subjects, of various ages and both sexes, examined in one 
PO ra balks Fae oped See AAG aac SEAR Beka Ro dnepiess ees 8.1 





* Approximate. 


any one day. When a single subject is examined on successive days 
a slightly greater variability is usualiy encountered. When measure- 
ments for different subjects are compared the variability is found to 
be greater, since one is now adding the difference existing between 
individuals. When normal subjects are examined the homogeneity of 
the group is the greatest and the variability the smallest. 

In table 4 the coefficient of variation determined in our studies of the 
partial pressure of carbon dioxide in the expired air has been com- 
pared with the coefficient of variation of basal metabolic rates determined 
at the Mayo Clinic.‘* The variability for the same subject has been taken 
irom previous records compiled for other purposes. The subjects were 
not all normal and frequently were under some type of treatment. The 
variability is therefore probably somewhat greater than could be obtained 
with untreated normal subjects. With a single trained subject the 
variability on the same and on successive days has been found to be 


17. Boothby, W. M.; Berkson, J., and Plummer, W.: The Variability of 
Basal Metabolism: Some Observations Concerning Its Application in Conditions 
of Health and Disease, Ann. Int. Med. 11:1014, 1938. 
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extremely small. The “normal” subjects included here comprise a 
small selected group in which history, physical examination, fluoro- 
scopic or roentgenographic examination of the chest, or both, and 
electrocardiograms failed to reveal any abnormality. The group with 
known pathologic conditions excluded has been restricted to females 
under the age of 40. 

Carpenter and Fox,'* in commenting on the variability of the con- 
centration of carbon dioxide in the expired air, stated: 

In the course of experimental work of several years in which studies of expired 
air have been made, the narrowness of the range of the percentage of CO, of 
the expired air when the individual was at rest was one of the characteristic 
features. So nearly constant has it been in any single experiment, that we felt 
justified in searching for an error when this was not the case, and our judgment 
of other investigators’ protocols is based upon this rule. When the conditions of 
the experiment are uniform, such as at rest without disturbing influence, drugs, 
or mechanical factors, we believe that the COz per cent should be nearly constant 
on any single day. 


We are in complete agreement with this view and believe that unless 
gross technical errors or varying conditions are introduced, the con- 
centration of carbon dioxide in the expired air can be repeatedly obtained 
with a high degree of consistency. 

If the variability of presumably normal subjects is considered to be 
approximately 5 per cent, practically all normal subjects will fall within 
a range of 10 per cent above and below the average normal. By the same 
reasoning, the normal variability of basal metabolism is confined to a 
range of 15 per cent above and below the average normal. It should be 
recognized that in making the normal range wide enough to include 
practically all normal subjects, a number of abnormal subjects are also 
included within these limits. As a preliminary working range of normal, 
approximately 10 per cent above and below an average normal has been 
chosen as most practical. If both sexes are included, the normal limits 
of the partial pressure of carbon dioxide in the expired air may be tenta- 
tively set at 18.00 to 22.50 mm. of mercury. 

In studying the variation in the partial pressure of carbon dioxide 
in the expired air, it is important to consider the possible means by 
which the subject might purposely interfere with the test. The results 
of an experiment on the effects of voluntary hyperventilation are shown 
in table 5. In this experiment the respiratory exchange was first deter- 
mined with normal quiet breathing. After this, the subject purposely 


18. Carpenter, T. M., and Fox, E. L.: The Effect of Muscular Work upon 
the Respiratory Exchange of Man After the Ingestion of Glucose and of Fruc- 
tose, Arbeitsphysiol. 4:532, 1931. 
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»verventilated as much as possible for four minutes, to an extent sufficient 
ty produce marked subjective symptoms lasting several hours. The 
volume of ventilation was nearly trebled, but because of the large reserve 
of carbon dioxide present in the body, its elimination practically paralleled 
the increased breathing. Had overventilation been continued, the con- 
centration of carbon dioxide in the expired air would have fallen still 
further as the reserves of carbon dioxide in the body became depleted. 
‘This has been observed in experiments on hyperventilation carried out 
over a longer period.’® In our experiment, while other factors in the 
respiratory exchange were varied from 36 to 168 per cent, the pressure 
of carbon dioxide in the expired air was changed only 8.5 per cent by this 


extreme purposeful interference. 


TasLe 5.—Variation Produced by Deliberate Overventilation 












Normal, Maximum 
Quiet Possible 

Breathing Overventilation Percentage 

(10 Min.) (4 Min.) Change 
apinel Oi TN ons 6 hese eds sc ccccscsecstcetes 23.21 21.23 8.5 
Wxplend OO iiincs case lebcase bod bes veevees ocueess 3.28 3.00 8.5 
A Tcatinkn skeet Caw 6 Fs 600cn500 vss cess neve 4.01 2.08 49.5 
Respiratory quotient... ........ccccceccesccscecsecues 0.81 1.46 80.0 
Minute ventilation, liters per min.................... 6.89 18.49 168.5 
COs elimination, Ce. per miN...............-0000eeuee 223 5AT 145.0 
Oz absorption, ce. per min.........--.. 6-6 e cece eens 276 375 36.0 
Heat production, calories per hour.................. 79.84 113.71 42.0 
Basal metabolic rate, %................ kes +2 +45 42.0 
Tidal BEE, OB) veces sesikseaees jo 449 1,216 168.5 
DenRG Fea cicnwnss coeur dens cepsbsdeccepesecce 15 15 een 





* This experiment was conducted one and three-quarters hours after the ingestion of food; 
the high partial pressure of carbon dioxide is due to the alkaline tide. 


The striking constancy of the concentration of carbon dioxide is 
probably dependent on the fact that ventilation follows closely the produc- 
tion of carbon dioxide and even when ventilation is temporarily excessive 
elimination still tends to parallel ventilation because of the readily availa- 
ble reserve of carbon dioxide in the body. Thus the tension of carbon 
dioxide in the expired air in a ten minute test actually represents the 
relation of respiration and carbon dioxide production over a considerably 
longer period ; this is not true in tests based on oxygen absorption. 

Rapid, shallow breathing, such as is employed by the panting dog, 
markedly lowers the concentration of carbon dioxide in the expired 
air, without interfering with the normal ventilation of the lungs. In 
clinical examinations this type of breathing invalidates the test; its 
actual occurrence has been observed during the examination of hysterical 


19. Soley, M. H., and Shock, N. W.: The Etiology of the Effort Syndrome, 
Am, J. M. Sc. 196:840, 1938. 
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patients. In experiments conducted in this laboratory in which the 
respiratory rate was purposely varied over a wide range, the concentra- 
tion of carbon dioxide in the expired air progressively decreased as the 
respiratory rate was increased. However, in tests carefully conducted 
under basal conditions such a type of respiration is rarely attempted 
and never permitted. The subject when relaxed and comfortable and 
left to his own choice does not select an exaggerated type of breathing. 


RELATION OF THE CARBON DIOXIDE TENSION OF THE EXPIRED 
AIR TO THAT OF THE ALVEOLAR AIR 


Under basal conditions the partial pressure of carbon dioxide in the 
expired air averages approximately 20.0 mm. of mercury, which is about 
half of the accepted tension of carbon dioxide in the alveolar air.'* This 
is due to the fact that approximately half of the air expired comes from 
the alveoli of the lungs. In experiments in which the concentration of 
carbon dioxide was determined both in the alveolar air and in the expired 
air, Carpenter and Lee ** found that the percentage in the expired air 
averaged consistently about 53 per cent of that in the alveolar air and 
that the alveolar carbon dioxide could be more accurately predicted by 
assuming that the dead space is a certain fraction of the tidal air and not 
a fixed volume. Physiologically the dead space in the respiratory tract 
varies with the depth of respiration, because gases pass through tubes, 
not as a piston displacement but rather as a spike or an axial stream,” 
and because of the rapid diffusion of gases.** Under basal metabolic 
conditions in this laboratory about half of the total volume of respiration 
is alveolar ventilation. 

Wishiully thinking, one may prefer the measurement of alveolar 
ventilation ; actually it is so difficult to obtain specimens of alveolar air 
even from trained subjects that its use in clinical medicine is of question- 
able value. On the other hand, the concentration of carbon dioxide in 
the expired air can be easily obtained; it is routinely determined in all 
basal metabolism examinations made with the open circuit type of 
apparatus. By using total ventilation instead of alveolar ventilation, 
studies of respiration can be made on large groups of normal subjects 
and subjects with pathologic conditions with a striking degree of 
accuracy. 


20. Carpenter, T. M.. and Lee, R. C.: The Influence of Glucose and of Fruc- 
tose on the Effective Dead Space in Human Respiration, Am. J. Physiol. 104: 
10, 1933. 

21. Henderson, Y.; Chillingworth, F. P.. and Whitney, J. L.: The Respira- 
tory Dead Space, Am. J. Physiol. 38:1, 1915. 

22. Enghoff. H.: Zur Frage des schadlichen Raumes bei der Atmung. Fin 
statistische Studie. Skandimav. Arch. f. Physiol. 63:15, 1932. 





BOYER-BAILEY—CARBON DIOXIDE IN EXPIRED AIR 787 


Clinically, the concentrations of carbon dioxide in the expired air 
and the alveolar air should both be regarded as measures of respiration. 
\Vhen respiration is unduly stimulated, both concentrations may be 
expected to fall. When respiration is depressed, both may be expected 
to rise. Without attempting to review the extensive literature on the 
alveolar carbon dioxide, we can state that some of the principal con- 
ditions in which one would expect undue stimulation of respiration, with 
a lowered concentration of carbon dioxide in the expired air, are 
inadequate circulation through the “respiratory center,” ‘deficient 
capacity of the blood to transport the respiratory gases (unless fully 
compensated by the circulatory system), retention of fixed acids in the 
blood and impairment in the gaseous exchange in the lungs. Thus, low 
concentrations of carbon dioxide in the expired air would be expected 
in persons with circulatory failure, severe anemia, “acidosis” and certain 
types of pulmonary disease. Respiratory depression and high concentra- 
tions of carbon dioxide in the expired air would be expected in persons 
with “alkalosis” and depression of the respiratory center, as caused by 
sleep and such drugs as morphine and the barbiturates. 


SUMMARY 


Respiration is carried out in order to obtain oxygen and to get rid of 
carbon dioxide. The volume of air breathed should be closely propor- 
tional to the volumes of oxygen needed and carbon dioxide produced. 

In the study of a large group of subjects the correlation of ventilation 
both with oxygen consumption and with carbon dioxide production is 
excellent, but the correlation with carbon dioxide is better. 

The ratio of ventilation and carbon dioxide output has been called 
the ventilation equivalent for carbon dioxide. The concentration of 
carbon dioxide in the expired air is the reciprocal of this ventilation 
equivalent ; thus it is a means of measuring respiration adjusted for the 
rate of carbon dioxide production. 

With the apparatus and technic used in this laboratory and under 
basal conditions, the average partial pressure of carbon dioxide in the 
expired air is about 20.0 mm. of mercury for females and 20.3 mm. for 
males. The average ventilation of females during the years of menstrua- 
tion is consistently greater than that of males. The concentration of 
carbon dioxide in the expired air shows a slight tendency to fall with 
advancing age. The variation with age is small, and for clinical purposes 
a single standard is acceptable for both sexes and all ages. 

In successive determinations both on the same subject and on large 
groups of subjects the variability is small. A range of 18.0 mm. to 22.5 
mm. may be expected to include practically all normal subjects. 

















788 ARCHIVES OF INTERNAL MEDICINE 


Clinically, low concentrations of carbon dioxide in the expired «ir 
(indicating undue respiratory stimulation) would be expected in subjects 
with circulatory failure, “acidosis,” severe anemia and certain forms oj 
pulmonary disease ; high concentrations of carbon dioxide in the expired 
air (indicating respiratory depression) would be expected in persons 
with “alkalosis” and with depression of the respiration center, such as 
that caused by morphine or the barbiturates. Because of its simplicity 
and high degree of accuracy, this index of respiration can be used in 
physiologic and pathologic studies on large groups of subjects. 








\LKALOSIS COMPLICATING THE SIPPY TREAT- 
MENT OF PEPTIC ULCER 


AN ANALYSIS OF ONE HUNDRED AND THIRTY-FIVE 
EPISODES 


JOSEPH B. KIRSNER, M.D. Pu.D. 
AND 
WALTER LINCOLN PALMER, M.D., Pu.D. 


CHICAGO 


The present investigation was undertaken in an effort to clarify 
jurther the problem of alkalosis and also to evaluate its relation to the 
kidney. For this purpose, an analysis has been made of 135 episodes 
of alkalosis observed by us during the alkali treatment of peptic ulcer. 
The study is of special interest in that in some cases renal function, as 
measured by the urea clearance test, was determined before, during 


and after the alkalosis. 
METHOD 


Setween 1929 and 1939 approximately 1,350 patients with peptic ulcer were 
treated at the Albert Merritt Billings Hospital by the Sippy program. This 
regimen included the frequent use of milk and cream and soft foods, nightly 
aspiration of the gastric contents and the hourly administration of alkali. The 
combinations of alkali used were (1) 0.6 Gm. of calcium carbonate and 2.0 Gm. of 
sodium bicarbonate, (2) 1.2 Gm. of calcium carbonate and 2.0 Gm. of sodium 
bicarbonate and (3) 2.0 Gm. of calcium carbonate and 2.0 Gm. of sodium bicar- 
bonate. Six tenths of a gram each of magnesium oxide and sodium bicarbonate 
was employed to regulate bowel activity. Thirty-two grams of sodium bicar- 
honate and 10 to 32 Gm. of calcium carbonate thus was administered daily. The 
protein intake of these patients varied from 35 to 40 Gm. daily for the first few 
days; as feedings were added, the protein intake was increased rapidly to 65 Gm., 
and after two weeks it averaged 75 to 80 Gm. daily. Alkalosis, as indicated by 
an alteration in the acid-base balance, occurred in 135 episodes in 111 patients. 
The series comprises 117 men and 18 women of ages ranging from 20 to 79. The 
high incidence of males follows the usual sex distribution of ulcer in our patients 
ot about 6 to 1. 

Determinations were made of the serum carbon dioxide, pu and chloride and 
ot the blood urea nitrogen at variable intervals during therapy.2 Routine examina- 





From the Frank Billings Medical Clinic, the Department of Medicine, the 
University of Chicago. 

1. For the purpose of clarity, the 135 instances of alkalosis will be referred 
to as 135 patients, since the multiple episodes of alkalosis in 18 patients each 
curred during separate adinissions to the hospital. 

2. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry, 
Baltimore, Williams & Wilkins Company, 1931, vol. 2: Serum Carbon Dioxide, 
283; pu (Colorimetric), p. 796; Chloride, p. 835; Blood Urea Nitrogen, p. 367. 


789 











* 


ae a 





FS Se EE Te PAO aE ARRAS RR MOE AS EIN 2 ANN 1 ET NET, ars 


79 ARCHIVES OF INTERNAL MEDICINE 





tions were made of the urine in all cases, and in addition, renal function was 
measured by the urea clearance test of Van Slyke and associates.* The urea 
clearance tests were carried out in the hospital and in the outpatient clinics. The 
analyses were made by trained laboratory assistants under the direction of a chemist, 
Dr. Kathryn Knowlton, but not by her directly, by ourselves or by research 
chemists. Nevertheless, we believe the determinations to be quite reliable and to 
constitute at least a satisfactory “first approximation.” The urea clearance test 
is not an absolute measure of renal function. It may be influenced by various 
extrarenal factors, such as dehydration, a low output of urine and the protein 
content of the diet. Rather widely variable results have been noted in presumably 
normal subjects. However, the urea clearance test, when carefully performed, is 
probably superior to such tests as the phenolsulfonphthalein excretion and the 
sulfate clearance test. 

Values of 75 per cent or more of average normal were considered normal; 
those between 55 and 75 per cent were arbitrarily classified as slightly reduced, 
while values below 55 per cent of average were accepted as definitely low. The 
results are presented chiefly as an indication of the trend of renal function in 


Taste 1.—Acid-Base Balance During Alkalosis 











Serum Chloride, Serum CO:, 
mM/L. mM Serum px 
Degree Number Sex Avge. Normal, 95=105 Normal, 22=30 Normal, 7.35=7.45 
of of Pa- -——, Age, ~~ Ae ‘ 
Alkalosis tients ¢ g Yr. Range Avg. Range Avg. Range Ave. 
Slight 71 58 13 43 §5.4—102.5 95.0 31 =39.8 34.1 7.40—7.65 7.51 
Moderate 27 25 2 47 80.0= 91.1 88.0  35.9=43.3 39.2 7.50—7.72 7.56 
Severe 37 34 3 51 60.0— 90.4 77.0 38.6—62.1 48.0 7.52=—7.73 7.61 


Totals 135 117 18 





relation to alkalosis. No attempt is made to define the nature of the renal dis- 
turbance. This problem is now being investigated more fully with the inulin and 
the diodrast, as well as the urea, clearance test and will be the subject of a future 
report. 


ACID-BASE BALANCE 


Alkalosis is characterized chemically by an elevation in the serum 
carbon dioxide and fy and frequently by a decrease in the serum chloride. 
In this study the degree of the acid-base disturbance was evaluated and 
classified on the basis of these alterations in the electrolyte balance. 
The clinical severity and course of each individual case was also 
appraised. As may be seen from table 1, slight alkalosis occurred in 
71 patients, moderate alkalosis in 27 and severe alkalosis in 37. The 
range of serum chloride, carbon dioxide and fx are noted in the table. 
We have not studied the relation of the individual changes to each 


3. Van Slyke, D. D.. and others: Observations on Courses of Different Types 
of Bright's Disease and on Resultant Changes in Renal Anatomy, Medicine 9:257 
(Sept.) 1930. 
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other, as Hastings and Steinhaus* and Eisele ® have done, but rather 
the relation between the total alteration in serum electrolytes and renal 
function as indicated by the urea clearance test. 


CLINICAL ASPECTS 


The incidence of alkalosis according to age decades is shown in 
table 2. As was to be expected, most of the patients were between 
30 and 60 years of age. It will be noted also that the incidence of 
moderate and severe alkalosis increased in the older age groups. Alka- 
losis appeared more than once in 18 patients (table 3), twice in each 


Tas_E 2.—Age Incidence 























Degree of Alkalosis 
_ *< 
Age by Decades Slight Moderate Severe 
BO eBO FE... sacasinccigentebecs tia apnctsiectvendarccwiseanesese 12 2 3 
SOC RD FG. wccccttevsvtenseceednsiss cnncvitesencousecnasencvenes 16 5 8 
BGG Fis ccccscccctascsve Fenkuialstidskesbteectusieptinearven , 16 9 7 
I ie acc teh seacaraeete ai icews cet inctsdvansadenee 17 6 6 
CBD By Sisck eccssinnceveinte abs cist gaianenncccntioissssecioe 10 5 10 
Te FE Wa - eciivssceendanpivanteiacensniscsipiparescstowinsiess sind 3 
MINE? ualic to Ueicienvas carqseapeceviswisdscsstbcasibecthnens 71 27 37 
Tas_e 3.—Multiple Episodes of Alkalosis 
Urea Clearance 
No. of Prior to Alkalosis 
Avg. Episodes — oo . Degree of Alkalosis 
No.of Age, ae Slightly Undeter- * 





jonninancnil 
Patients Yr. Two Three Normal Reduced Low mined _ Slight Moderate Severe 
18 43 13 5 5 3 6 4 22 7 13 





of 13 patients and three times in each of 5 patients. Renal function 
prior to this complication had been normal in 5 patients and slightly 
reduced or low in 9 (undetermined in 4). We have noted frequently 
that after recovery from alkalosis the administration of alkali may sub- 
sequently be resumed without difficulty and without chemical alkalosis. 
This phenomenon was observed in 29 patients of the present series 
(table 4). The ingestion of alkali was resumed without the develop- 
ment of symptoms by many more patients, but chemical studies were 
not made. 


4. Hastings, A. B., and Steinhaus, A. H.: A New Chart for the Interpre- 
tation of Acid-Base Changes and Its Application to Exercise, Am. J. Physiol. 
96:538 (March) 1931. 

5. Eisele, C. W.: Changes in Acid Base Balance During Alkali Treatment 
for Peptic Ulcer, Arch. Int. Med. 63:1048 (June) 1939. 
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There were 4 deaths in this series attributable to the syndrome oj 
alkalosis, hypochloremia and dehydration. In all cases there was persis- 
tent vomiting secondary to pyloric obstruction. The results of necrops) 
performed in the 4 cases are described elsewhere in connection with a 
study of the effects of prolonged alkali therapy on the structure of the 
kidney. The findings may be briefly summarized by the statement that 
there were no microscopically detectable alterations in the kidneys 
attributable to the alkalosis other than the presence in the collecting 
tubules of blue-staining crystalline material, probably representing cal- 
cium, in 3 of the 4 cases. 

The symptoms of alkalosis usually appeared between the fourth and 
the tenth day of treatment, although in some patients not until after 
several weeks had elapsed. The earliest complaints were a distaste for 
milk and cream and alkali, followed by weakness, dizziness, headache, 
dryness of the mouth, nausea and vomiting. Nervousness, clouding of the 
mentality and changes in personality were occasionally observed ; these 


Taste 4—Normal Acid-Base Balance in Twenty-Nine Patients * During 
Alkali Therapy After One or More Episodes of Alkalosis 














: No. of Episodes Degree of 
Previous Alkalosis 
Average After After After r N 
No. of Patients Age, Yr. One Two Three Slight Moderate Severe 
29 40 24 4 1 13 7 9 





a * Limited to those with available data on acid-base balance during subsequent alkali 
erapy. 


manifestations progressed in a few instances to actual coma. Muscular 
twitchings and hyperactive reflexes were noted infrequently. Two patients 
described a persistent aching in the jaws and teeth, although no dental 
abnormality could be detected. Tetany and mild convulsions appeared in 
only 1 patient ; the alkalosis in this patient had been intensified by persis- 
tent vomiting secondary to pyloric obstruction. These manifestations 
disappeared with varying rapidity after the administration of adequate 
quantities of sodium chloride and water. It should be noted that the 
majority of patients with slight alkalosis and several with moderat« 
or severe alkalosis did not exhibit any symptoms, the condition being 
detected only by routine chemical determinations. There was not a 
direct relation between the severity of symptoms and the degree oi 
alkalosis or between the quantity of alkali administered and the frequenc) 
of the condition. It occurred in a 29 year old man after the adminis- 
tration of 27 Gm. of calcium carbonate and 90 Gm. of sodium bicar- 
bonate in three days, whereas the acid-base balance remained normal 
in a 25 year old man receiving the same daily dose for fifty-four days 
(total intake—654 Gm. of calcium carbonate and 1,620 Gm. of sodium 


bicarbonate ). 
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CONTRIBUTORY FACTORS 





Massive Hemorrhage.—Jordan and Kiefer,® Bockus and Bank,’ and 
Jeghers and Lerner* have suggested that massive hemorrhage may 
increase the tendency to alkalosis. It is of interest to note, therefore, 
that in the present series, hemorrhage had occurred in 60 of the 135 
patients. The alkalosis was slight in 34 patients, moderate in 13 and 
severe in 13. On the other hand, the acid-base balance remained normal 
during alkali therapy in a group of 38 patients with hemorrhage not 
included in the present study. There was no direct correlation between 
the severity of the bleeding and the frequency of alkalosis. 


Hypochloremia.—Recent studies * have emphasized the important 
role of hypochloremia in the development of alkalosis during antacid 
therapy. It has been shown, for example, that the addition of sodium 
chloride often corrects the acid-base balance despite the continuation of 


Tas_eE 5.—Occurrence of Alkalosis in Patients with Hemorrhage from 
Peptic Ulcer 














Number Sex Degree of Hemorrhage 
ol ae, Average ‘ 

Degree of Alkalosis Patients f g Age, Yr. Slight Moderate Severe 
[| Eran: 38 28 10 38 3 ” 26 
SE ...: 3 30 4 44 7 9 18 
Moderate 13 11 2 48 2 3 s 
Severe ... 13 10 3 49 0 1 12 

OUI cnrcenwcdia sens 98 79 19 j 





alkali therapy. Chloride deficiency in patients with ulcer may result 
from the low intake of salt, which averages 2 to 3 Gm. daily instead of 
the usual 10 to 12 Gm., from vomiting and also from the nightly aspiration 
of the gastric contents. The loss of chloride by the latter route is of par- 
ticular significance in patients with gastric retention and is frequently 
associated with marked dehydration. Gastric retention, as evidenced by 
the nightly aspiration of 200 cc. or more of gastric contents, was present 
in 6 of the 71 patients with slight alkalosis (8.5 per cent), in 10 of the 


6. Jordan, S. M., and Kiefer, E. M.: Factors Influencing Prognosis in the 
Medical Treatment of Duodenal Ulcer, Am. J. Surg. 15:472 (March) 1932. 

7. Bockus, H. L., and Bank, J.: Alkalosis and Duodenal Ulcer, M. Clin. 
North America 16:143 (July) 1932. 

8. Jeghers, H., and Lerner, H. H.: The Syndrome of Alkalosis Complicating 
the Treatment of Peptic Ulcer—Report of Cases with a Review of the Patho- 
genesis, Clinical Aspects, and Treatment, New England J. Med. 214:1236 (June 
18) 1936. 

9. Kirsner, J. B., and Palmer, W. L.: The Role of Chlorides in Alkalosis 
Following the Administration of Calcium Carbonate, J. A. M. A. 116:384 (Feb. 
1) 1941, 











794 ARCHIVES OF INTERNAL MEDICINE 


27 patients with moderate alkalosis (37 per cent) and in 20 of the 37 
patients with severe alkalosis (54 per cent). The importance of gastric 
retention is further indicated by the fact that it was present in 25 of 
the 55 patients of the present series in whom the blood urea nitrogen 
increased during alkalosis. The absence of alkalosis in many patients 
receiving alkali and consuming a salt-poor diet suggests that the develop- 
ment of hypochloremia may be determined by individual variations in 
the fluid balance and salt reserve of the body prior to treatment. 

Antecedent Renal Disease —Renal Function Before Alkalosis: Many 
writers '° have noted a definite correlation between the incidence of 
alkalosis and the presence of renal disease, although few studies of renal 
function have been made prior to the acid-base disturbance. Eisele 
obtained suggestive evidence of preexisting renal damage (as shown by 
changes in the blood pressure, anemia, arteriosclerosis and prostatism) 
in 19 of 28 patients. Wilkinson and Jordan,*' using the sulfate clear- 
ance test, noted precedent renal impairment in a large number of 
cases in which alkalosis later developed. Alkalosis, nevertheless, may 
appear in the absence of renal impairment ** and often does not occur 
in persons with renal disease.'* Gatewood, Gaebler, Muntwyler and 
Myers '* and Cope * could find no evidence of antecedent renal disease 
in the majority of their patients. 


10. (a) Hardt, L. L., and Rivers, A. B.: Toxic Manifestations Following the 
Alkaline Treatment of Peptic Ulcer, Arch. Int. Med. 31:171 (Feb.) 1923. (b) 
Ellis, A. W. M.: Disturbance of the Acid-Base Equilibrium of the Blood to 
the Alkaline Side: Alkalemia, Quart. J. Med. 17:405 (July) 1924. (c) Berger, 
E. H., and Binger, M. W.: The Status of the Kidneys in Alkalosis, J. A. 
M. A. 104:1383 (April 30) 1935. (d) Shattuck, H. F.; Rohdenburg, E. L., 
and Booher, L. E.: Antacids in the Medical Management of Peptic Ulcer, ibid. 
82:200 (Jan. 19) 1935. (e) Way, C. T., and Muntwyler, E.: Alkalosis: Clinical 
Problem, Ann. Int. Med. 8:818 (Jan.) 1935. 

11. Wilkinson, S. A., and Jordan, S. M.: The Significance of Alkalosis in the 
Treatment of Peptic Ulcer, Am. J. Digest. Dis. & Nutrition 1:509 (Sept.) 1934. 

12. (a) Wildman, H. A.: Chloride Metabolism and Alkalosis in the Alkali 
Treatment of Peptic Ulcer, Arch. Int. Med. 43:615 (May) 1929. (b) Cooke, 
A. M.: Alkalosis Occurring in the Alkaline Treatment of Peptic Ulcer, Quart. 
J. Med. 1:527 (Oct.) 1932. (c) Nicol, B. M.: The Renal Changes in Alkalosis, 
ibid. 9:91 (Jan.) 1940. 

13. (a) Jordan, S. M.: Calcium, Chloride, and Carbon Dioxide Content of Venous 
Blood in Cases of Gastro-Duodenal Ulcer Treated with Alkalis, J. A. M. A. 
87:1906 (Dec. 4) 1926. (b) Oakley, W. M.: Alkalosis Arising in the Treat- 
ment of Peptic Ulcer, Lancet 2:187 (July 27) 1935. (c) Jeghers and Lerner.‘ 
(d) Berger and Binger.1°* (¢) Cooke.12> 

14. Gatewood, W. E.; Gaebler, O. H.; Muntwyler, E., and Myers, V. C.: 
Alkalosis in Patients with Peptic Ulcer, Arch. Int. Med. 42:79 (July) 1928. 

15. Cope, C. L.: Base Changes in the Alkalosis Produced by the Treatment 
of Gastric Ulcer with Alkalis, Clin. Sc. 2:287 (July) 1936. 
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In the present study, 16 episodes of alkalosis occurred in persons 
with disease of the genitourinary tract (table 6). Of these patients, 
nephrolithiasis was present in 5, ureteral calculus in 6, recent pyelitis 
in 2 and bilateral ascending suppurative nephritis, chronic nephritis and 
multiple urethral strictures in 1 each of the remaining 3. On the other 
hand, the acid-base balance was undisturbed in a group of 23 patients 
with similar conditions receiving alkali. This group comprised 10 
patients with nephrolithiasis, 11 with ureteral calculus, and 1 each with 
a post-transfusional nephropathy and renal tuberculosis. The initial urea 


TasLe 6.—Occurrence of Alkalosis in Thirty-Nine Patients with Ulcer 
and Renal Disease 











Urea Clearance Degree of 
Preceding Alkalosis Alkalosis 
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TABLE 7.—Occurrence of Alkalosis in Fifty-Four Patients with Ulcer 
and with Hypertension 








Urea Clearance 
Preceding Alkalosis 
~ Degree of Alkalosis 








No. of Average Unde- 
Patients Age, Yr. Normal Low termined Slight Moderate Severe 
Alkalosis 37 50 7 14 16 14 13 10 
7 8 2 


No alkalosis 17 53 





clearance was normal in 3 of 9 patients with renal disease in whom 
alkalosis developed, as compared with normal clearances in 10 of 16 
patients in whom alkalosis did not develop. 

Thirty-seven of the 135 episodes of alkalosis occurred in patients 
with hypertension (table 7). The urea clearance at the onset of treat- 
ment had been normal in 7 patients and reduced or low in 14 of this 
group (undetermined in 16). We have used alkali therapy rather 
routinely for hypertensive patients with ulcer, but adequate electrolyte 
studies are available only for the 17 patients in whom symptoms of 
alkalosis did not develop. Renal function at the onset of treatment had 
been normal in 7 patients and low in 8 of this group (undetermined 
in 2), 








7% ARCHIVES OF INTERNAL MEDICINE 


The effect of alkalosis on the urea clearance was studied in 48 patient. 
of the present series.’® Renal function at the onset of alkali therap 
was normal in 24 patients, reduced in 8 and low in 16 (table &) 
A normal value for urea clearance was obtained prior to alkalosis in 
12 of 23 patients with slight alkalosis, in 8 of 13 patients with moderat: 
alkalosis and in 4 of 12 patients with severe alkalosis. 

Renal Function During Alkalosis: Urea and sulfate clearances, as 
well as the excretion of phenolsulfonphthalein, have been found reduced 
during alkalosis by various workers.'’ The mechanisms by which the 
decrease is brought about and the nature of the renal lesion are not 
known. The latter apparently does not consist of a microscopically 
detectable morphologic alteration in the kidney.** McCance and Wid- 
dowson *** observed a fall in creatinine, sucrose, inulin and urea clear- 
ances in a patient with alkalosis resulting from pyloric obstruction and 
suggested that the major dysfunction was a decrease in glomerular 


Tas.e 8—lU'rea Clearance in Forty-Eight Patients at the Beginning of 
Alkali Therapy 








Urea Clearance at 
Initiation of Alkali Therapy 





No. of Slightly 
Degree of Alkalosis Patients Normal teduced Low 
Slight ..... . i Silanes 23 12 3 
Moderate ..” ; ieasuased cine ae 8 1 1 
Severe .. va ’ ‘ sitsipn'ivicaaliiole 12 1 4 4 
Total .... : OTe Cee Te ee es 48 24 8 16 





filtration. The impaired renal function also has been related to dehy- 
dration with its attendent consequences.’ In the present study the urea 
clearance was determined during alkalosis in the same 48 patients 
considered in the preceding paragraph (table 9). No change in renal 
function was noted in 20 patients. In 14 of these the original urea 
clearance had been normal. In the 28 instances in which renal function 
decreased, the change was arbitrarily considered as slight '’ in 4, mod- 


16. Values for urea clearance were obtained at the initiation of alkali therapy 
in 25 additional cases; these data are omitted from the present discussion because 
renal function was not measured during the period of alkalosis. 

17. (a) McCance, R. A., and Widdowson, E. M.: Alkalosis with Disordered 
Kidney Function, Lancet 2:247 (July 31) 1937. (b) Wilkinson and Jordan."! 

18. Kirsner, J. B.: The Effect of the Prolonged Administration of Larg« 
Quantities of Sodium Bicarbonate on the Kidney of the Dog, Arch. Path. 32:76 
(July) 1941. 

19. A slight change was estimated as a reduction of 15 to 25 per cent of averag¢ 
normal; a moderate change, as a reduction of 25 to 45 per cent of average normal, 
and a marked change, as a reduction of 45 per cent or more. The change was 
considered as a decrease from normal to low levels or to an indicated decreas« 
within range of lowered values for clearance. 
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erate in 11 and marked in 13. Renal function originally had been 
normal in 10 patients and reduced or low in 18 patients of this group. 
The urea clearance decreased most frequently during severe alkalosis 
and apparently more often in patients with antecedent impairment of 
renal function. Thus, a diminution occurred in 10 of 24 cases in 
which a normal value for urea clearance had previously been obtained. 
whereas a decrease occurred in 18 of 24 cases in which the initial 
value had been low. 

Renal Function Shortly After Alkalosis: The status of renal func- 
tion shortly after alkalosis seems to have been determined only occa- 


Taste 9.—Urea Clearance in Forty-Eight Patients During Alkalosis 











Urea Clearance Urea Clearance 
Originally Normal Originally Low 
(24 Patients) (24 Patients) 
A. 
Unchanged Decreased Unchanged Decreased 
During During During During 

Degree of Alkalosis Alkalosis Alkalosis Alkalosis Alkalosis 
WE: hanatoteasarns 7 5 4 7 
I as tindssccpecsecsnees 7 1 2 3 
BUEING Scie castriciccsimivtses . 0 4 ‘a 8 
FEI deca) cateusienviaiedaoeasons 1 10 6 18 





Tas_eE 10.—Urea Clearance Shortly After Alkalosis in Twenty-Two Patients in 
Whom a Decrease Had Been Observed During the Acid-Base Disturbance 








Original Status 





of Urea Clearance Degree of Alkalosis 
No. of ‘ " r 
Subsequent Siatus Patients Normal Low Slight Moderate Severe 
teturn to original level.......... 19 6 13 9 2 s 
Lower than original level...... 3 2 1 1 1 1 
TE i cht tincd cane teccnaan 22 s 14 10 3 9 





sionally by other investigators. Jeghers and Lerner observed 1 case 
in which there was evidence of renal impairment four months after 
restoration of a normal acid-base balance. Berger and Binger noted 
decreased function in 5 of 7 patients several weeks after alkalosis. 
singer, Hastings and Neill *° administered 5.7 Gm. of sodium bicar- 
honate to a patient for thirty-five days; alkalosis resulted, but there 
was no evidence of damage to the kidneys other than a slightly reduced 
phthalein excretion. Cope reported the case of a man who had expe- 


20. Binger, C. A. L.; Hastings, A. B., and Neill, J. M.: Edema Associated 
with Moderate Bicarbonate Administration During Convalescence from Pneumonia, 
\rch. Int. Med. 31:145 (Jan.) 1923. 
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rienced four severe attacks of alkalosis ; the urea clearance after recover 
from the fourth episode was 92 per cent. Normal function after alka 
losis has been reported also by Gatewood, by Cooke and by others. 

In the present series, of 28 patients in whom, as mentioned previ- 
ously, the urea clearance fell during alkalosis, further determinations 
were made on 22 within several weeks after the episode (table 10). 
The clearance returned to its previous level in 19 of the 22 patients 
shortly after alkalosis. The original values had been normal in 6 and 
reduced or low in 13 of this group. In the 3 patients in whom the 
clearance was below its initial level shortly after alkalosis, the original 
function had been normal in 2 and low in 1 (table 11). It should be 
noted that the urea clearance later returned to its original level in all 
3 of these patients. 

It is evident, therefore, that alkalosis does not cause a persistent 
diminution of renal function, although in occasional patients a decreased 
urea clearance may be demonstrable for at least several months. 

Blood Urea Nitrogen: The blood urea nitrogen often rises markedly 
during alkalosis and returns to normal with recovery. The blood 
creatinine, inorganic phosphate and inorganic sulfate may do the same. 
In the present series, the blood urea nitrogen increased in 17 of the 
71 patients with slight alkalosis (24 per cent), in 13 of the 27 patients 
with moderate alkalosis (48 per cent) and in 25 of the 37 patients with 
severe alkalosis (67.5 per cent) (table 12). The highest values for 
blood urea nitrogen occurred in patients in whom there was evidence 
of primary renal disease. The high incidence of other complications 
is of interest; hemorrhage was present in 16 patients, hypertension in 
16 and gastric retention in 25. In this connection it should be empha- 
sized that an elevation of the blood urea nitrogen does not per se 
indicate intrinsic renal disease.*" 

Urine: Although the presence of albumin, casts and red blood cells 
in the urine during alkalosis has been reported frequently,** this finding 
was uncommon in the present series. A trace of albumin was detected 
in the urine of 4 patients with slight alkalosis, in that of 7 with mod- 
erate alkalosis and in that of 10 with severe alkalosis. A moderate 
amount of albumin was found in the urine of 2 patients with moder- 
ate alkalosis. Hyaline and granular casts were noted in the urine of 
1 patient with moderate alkalosis and in that of another with severe 
alkalosis. Both albumin and casts were present in the urine of 3 patients 
during severe alkalosis. Gross or microscopic hematuria was not 
observed. 


21. Kirsner, J. B., and Knowlton, K.: Acid Base Balance, Renal Function 
and Gastric Secretion During Hypochloremia in the Dog, J. Clin. Investigation 
20:303 (May) 1941. 


22. Jeghers and Lerner. Hardt and Rivers.1% Jordan.1%4 
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TREATMENT 


The treatment of alkalosis is simple and effective. It consists / 
the discontinuance of alkalis, the administration of either ammonium 
chloride or, preferably, sodium chloride in amounts varying from 5 to 
15 Gm. daily and the administration of large amounts of water by 
mouth or by clysis. Fluids given parenterally, such as physiologic or 
2 per cent solution of sodium chloride, may be necessary to combat 
the hypochloremia in the more severe forms of alkalosis. Although the 


Taste 12.—Elevated Blood Urea Nitrogen During Alkalosis 








Slight Alkalosis 
Associated Complications 





c 


Blood Urea Nitrogen, No. of Gastric 
Mg./100 Ce. Patients Hemorrhage Hypertension Retention 
STII vas nceceensnsehisnctbesdebiinnse’ 8 3 3 
DME 6 ictasnsssdthoantasnsltpadaas 2 1 1 
ke gn ase 3 2 3 
PIII icstadnncncosocdstontnnncts 4 3 3 
MEL. bihibeceheubevcenatamutatencsvs 17 9 8 3 


Moderate Alkalosis 





s 1 2 3 
3 1 1 2 

2 1 
13 3 5 

Severe Alkalosis 

EE alii asihbpssnakdesiecobcesense 7 1 2 

DN Sate dia on otek ec Enedaosoen nie 8 2 2 5 
Ns Ri sieteticsverruntescostenses 7 1 1 5 
ck eae a 3 ioe “= 3 
MI Sntessncbitedonsdssietsonitane 25 4 5 17 
Grand total ......ccccscessss 55 16 16 25 





use of a 5 per cent solution of dextrose in distilled water is of great 
value as supplemental therapy to relieve the dehydration, nevertheless 
physiologic solution of sodium chloride is to be preferred, for it replaces 
both the lost chloride and the water. The treatment of alkalosis in the 
present series is summarized in table 13. 

Pyloric obstruction ultimately necessitating surgical intervention was 
present in the majority of patients requiring the parenteral administration 
of fluid. Clinical and chemical improvement rapidly ensued after the insti- 
tution of these therapeutic measures; the acid-base balance usually was 
reestablished within two or three days after the parenteral use of fluid 
and within five to seven days in patients receiving sodium chloride and 
fluid by mouth. 
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EFFECT OF PROLONGED ALKALI THERAPY WITH AND WITHOUT 
ALKALOSIS ON RENAL FUNCTION 


There have been few studies of renal function after prolonged alkali 
therapy. Gatewood and Myers ** found no evidence of renal damage 
after the use of alkali in a series of 46 patients; the total intake of 
sodium bicarbonate, calcium carbonate and magnesium oxide averaged 
30 Gm. daily. Gatewood and associates '* reported similar results in 
another study in which renal function was estimated by the phenol- 
sulfonphthalein excretion test. Berger and Binger **° observed 1 patient 
who took massive quantities of sodium bicarbonate and calcium car- 
honate for many years without renal impairment developing. Steele ** 
reported the case of a 52 year old man who had taken alkali for 
fourteen years. The urine contained albumin and casts; the blood urea 
nitrogen was elevated, and the ability of the kidneys to excrete urea and 





Taste 13.—Treatment of One Hundred and Thirty-Five Episodes of Alkalosis 





Degree of Alkalosis 





Therapy Slight Moderate Severe 
DT II caedtn aiid iescctnigchectiasnnptiecnigeissviavescinse 46 5 0 
Alkali stopped (no other treatment).................05 12 6 5 
I I icicle sbB cane ckscmmmaveicdsncainiieniovintastensatetsees 5 1 0 
Alkali continued and NaCl or NHisC1 added.............. 5 5 2 
Alkali stopped and NaCl or NH:Cl added.................. 1 6 18 
Alkali stopped and fluids administered parenterally 2 4 12 

TUE“ iniseaitapna thence deteinackecphartteninen saeititpca cd pRidekahsdildntobaete 71 27 37 





to concentrate urine was markedly reduced. The blood urea nitrogen 
returned to normal six months after alkali was discontinued, and the 
power of the kidneys to concentrate urine rose slowly to normal during 
a period of two years. Hyaline casts and red blood cells continued in 
the urine, and faint traces of albumin appeared occasionally. The inter- 
pretation of this case is somewhat difficult; the continued presence of 
hyaline casts, albumin and red blood cells suggests that preexistent 
renal disease may have been present and possibly further aggravated 
by the alkali. The concentrating and excretory powers of the kidney 
were eventually restored, thus indicating that no irreversible injury to 
the kidney had occurred. 

The effect of prolonged alkali therapy on renal function has been 
studied by us in 62 patients (table 14). The patients may be divided 


23. Gatewood, W. E., and Myers, V. C.: A Study of the Acid Base Balance 
of the Blood in Peptic Ulcer Cases Treated with Alkalis, Tr. Am. Gastroenterol. 
\., 1927, p. 92. 

24. Steele, J. M.: Renal Insufficiency Developing During Prolonged Use of 
\lkalis: Report of Case, J. A. M. A. 106:2049 (June 13) 1936. 
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into two groups: (a) those without alkalosis at any time and (b) thos 
in whom alkalosis occurred.*° 

Group (a) includes 29 patients, 25 males and 4 females, ranging in 
age from 26 to 65 years (average 44 years). Alkali had been used 
previously by 28 of this group. The initial value for urea clearance 
was normal in 18. The follow-up period varied from six to twelve 
months for two patients, from one to five years for 21 and from six to 
nine years for 6. During the period of observation varying quantities 
of alkali were taken by all 29 patients. 


TasLe 14.—Effect of Prolonged Alkali Therapy With and Without Alkalosis 
on Urea Clearance in Sixty-Two Patients 








Therapy Therapy 
Uncomplicated Complicated 
By Alkalosis By Alkalosis + Total 
Number of patients .................ccccsssesseeeee 29 33 62 
EE TID, | Bi avdcsnnctinninicriniintntetiieninaemnans 44 49 a 


UII scaisttnniciciineioeskacunabienppeditecweanbeiseniins 18 14 32 
SE SPINE acs caviinonbanchdsensseticetbndishnacne 7 11 18 
OMEN slbinic samteneristesnicannsnsiacbdiiaa tacos lalasataiatigamiicslauiiin 7 8 12 
Final Status of Clearance 
I TITIITE « “cn sdcencsoncemnsishinndietinceotenenisneseoibia 28 31 59 
TR III oiscissnsncccecssxcvessccncccsene 1 2 3 
Amount of Alkali * Taken During Follow-Up Period 

17 17 34 

9 12 21 

3 4 7 








* Large quantities were estimated as 40 to 60 Gm. daily; moderate quantities, 20 to 
40 Gm. daily, and small quantities, 10 to 20 Gm. daily. 
+ 48 episodes of alkalosis. 


The final urea clearance was unimpaired in 28 of the 29 patients. 
The only patient in whom the urea clearance seemed to be definitely 
lowered was a 68 year old woman in whom, after the ingestion of 
large quantities of alkali for five and one-half years, the urea clearance 
decreased from 67 to 40 per cent of average normal. The initial clear- 
ance of 67 per cent was obtained at a time when, on admission to the 
hospital, dehydration was present as a result of continued vomiting. 
The blood level of urea nitrogen was 36.2 mg. per hundred cubic 
centimeters. In the subsequent five and a half years the patient has 
taken large quantities of alkali and has remained well clinically. The 
urea clearance measures 40 per cent (two determinations, maximum 
clearances) ; the blood urea nitrogen is normal. There has been no 
elevation of the blood pressure. The urine does not contain albumin 


25. The latter group is included in the series of patients already discussed. 
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r casts, and its specific gravity occasionally exceeds 1.020. Thus 
there is no conclusive evidence of renal injury in any of the 29 patients, 
even though 4 of them had pyloric stenosis, 2 had hypertension and 
| had a post-transfusional nephropathy. 

These results indicate that prolonged alkali therapy uncomplicated 
hy alkalosis does not impair renal function either in patients with 
normal urea clearance or in persons with preexisting renal impairment. 
Group (b) consists of 33 patients, 27 males and 6 females, ranging 
in age from 25 to 71 (average 49 years), all of whom had taken alkali 
previously. The initial value for clearance was normal in 14 of these 
patients. The period of observation extended from two to twelve months 
for 6 patients, from one to five years for 19 and from five to ten 
years for 8. During this time varying amounts of alkali were used by 
30 patients of the group. Alkalosis occurred on 48 occasions. According 
to the final test, urea clearance was unimpaired in 31 of the 33 patients. 
Renal disease was present in 6 patients of this group, gastric retention 
in 11 and hypertension in 6. A decrease in the urea clearance was 
observed in 2 patients, whose cases are reported in detail as follows: 


Case 1—G. W., a 47 year old housewife, had experienced symptoms of ulcer 
for three and a half years. She had known for eight months that her blood 
pressure was elevated. The important physical findings on admission to the hos- 
pital were pallor of the skin, obesity and slight enlargement of the heart. The 
blood pressure was 150 systolic and 100 diastolic. Roentgen studies revealed a 
stenosing duodenal ulcer. One hundred and thirty-five grams of calcium carbonate 
and 450 Gm. of sodium bicarbonate was given in fifteen days (Feb. 28 to March 14, 
1933). The acid-base balance remained normal; the urea clearance was 85 per 
cent of average normal, and the blood level of urea nitrogen was 7.9 mg. per hun- 
dred cubic centimeters. Moderate quantities of alkali were taken by the patient 
for the next seven months. She then reentered the hospital (October 10 to 
October 24) and received 96 Gm. of a mixture of sodium citrate and tribasic 
calcium phosphate in two days. The blood pressure was 178 systolic and 
108 diastolic. Because of marked pyloric stenosis, a posterior gastroenterostomy 
was performed, from which the patient made an uneventful recovery. Small 
amounts of alkali were taken during the subsequent nine months, until July 23, 
1934. The patient was then not seen again by us until May 15, 1936, at which 
time she was hospitalized because of a severe hemorrhage from a jejunal ulcer 
(May 15 to June 5). The blood pressure was 152 systolic and 90 diastolic. 
Seventy-eight grams of calcium carbonate and 160 Gm. of sodium bicarbonate 
was given in the first five days. Because of recurrent hematemesis, the alkali 
was discontinued for the next three days, during which time physiologic solution 
ot sodium chloride was administered parenterally. Alkali therapy then was 
resumed, the patient receiving a total of 570 Gm. of the sodium citrate, tribasic 
calcium phosphate mixture in eleven days. There was no significant alteration 
in the acid-base balance; the blood level of urea nitrogen was 12.9 mg. per hundred 
cubic centimeters. Two months later the patient again entered the hospital, because 
fa recurrent massive hemorrhage (August 16 to October 11). The blood pressure 
was 160 systolic and 105 diastolic. Two blood transfusions were given, and on the 
hith day the gastroenterostomy was taken down. Wangensteen aspiration was 


“ee 
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required for eight days after operation; in addition to parenteral administratior 
fluids, therapy also included the use of the Winkelstein drip for eight day. 
Convalescence was complicated by the development of a coronary occlusion two 
weeks after the operation. The patient recovered, however, and received 90 Gm 
of calcium carbonate and 330 Gm. of sodium bicarbonate. A moderately sever 
chemical alkalosis was noted on the twenty-eighth day of hospitalization, attribu- 
table possibly in part to the continued gastric aspiration. The urea clearance on 
the forty-fifth day of hospitalization was 40 per cent of average normal and the 
blood level of urea nitrogen 11.9 mg. per hundred cubic centimeters. 

The fifth hospital admission occurred eight months later (April 15 to April 20, 
1937) because of a recurrent duodenal ulcer. Alkali had been taken infrequently 
prior to hospitalization. The blood pressure at this time was 220 systolic and 
135 diastolic. Forty-five grams of calcium carbonate and 150 Gm. of sodium 
bicarbonate was given in five days. The urea clearance on the second day 
measured 37 per cent and the blood level of urea nitrogen 32.0 mg. per hundred 
cubic centimeters; there was a slight chemical alkalosis at the time. 

Five months later the patient was admitted for the sixth time (September 24 
to October 12). The urea clearance one week previously had measured 52 per 
cent and the blood level of urea nitrogen 13.1 mg. per hundred cubic centimeters 
The blood pressure was 180 systolic and 100 diastolic. Four hundred and twenty 
grams of calcium carbonate and 210 Gm. of sodium bicarbonate was given in 
nineteen days. Alkali therapy was complicated by a moderate chemical alkalosis, 
which subsided after the administration of 4.0 Gm. of ammonium chloride daily 
for five days. The urea clearance, after restoration of the acid-base balance, was 
48 per cent of average normal and the blood level of urea nitrogen 11.3 mg. per 
hundred cubic centimeters. Roentgen irradiation (a total of 3,878r) was directed 
to the fundus of the stomach through anterior and posterior portals for fourteen 
days in an effort to reduce gastric acidity. A histamine achlorhydria was noted 
several weeks later (October 29). Alkali therapy was discontinued at this time 
and was not resumed thereafter. 

Two admissions to the hospital were required during the next four years 
because of attacks of biliary colic, which subsided without surgical intervention. 
The blood pressure varied from 140 to 218 systolic and from 90 to 128 diastolic. 
Seven and eight years after the initial visit urea clearances measured 70 and 67 
per cent of average normal, respectively, and the values for blood urea nitrogen 
were 13.9 and 17.8 mg. per hundred cubic centimeters, respectively. On June 19, 1941, 
eight years and three months after the original hospital entry the final value for 
urea clearance was 61 per cent of average normal and the final values for blood 
urea nitrogen was 16.6 mg. per hundred cubic centimeters. No alkali had been 
taken for almost four years prior to this last determination. 


Case 2.—I. J. S., a 31 year old salesman, had experienced symptoms of ulcer 
for one month prior to admission to the hospital. Physical examination revealed 
nothing abnormal except for tenderness in the epigastrium; the blood pressure 
was 128 systolic and 80 diastolic. Roentgenograms revealed a stenosing duodenal 
ulcer. Three hundred and eighty-seven grams of calcium carbonate and 720 Gm. 
of sodium bicarbonate was administered in twenty-four days (May 9 to June 31, 
1931). The urea clearance on the third day of hospitalization was 99 per cent oi 
average normal and the blood level of urea nitrogen 9.6 mg. per hundred cubic 
centimeters. A moderately severe alkalosis was detected on the fifteenth day oi 
hospitalization. The urea clearance at this time was 78 per cent and the blood 
level of urea nitrogen 10.9 mg. per hundred cubic centimeters. After recovery 
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irom the alkalosis, the patient was observed in the outpatient department for six 
months; alkali was taken infrequently. The patient was then not seen by us for 
me year. 

He reentered the hospital on Oct. 10, 1933, because of a massive hemorrhage. 
Physical examination disclosed severe hypertension; the blood pressure varied 
from 180 to 200 systolic and from 100 to 114 diastolic. One hundred and fifty 
grams each of calcium carbonate and sodium bicarbonate was given in the first 
five days. A severe alkalosis was detected at this time, and the alkali was dis- 
continued. After restoration of the acid-base balance, the urea clearance increased 
from 41 to 63 per cent and the blood level of urea nitrogen, which had risen to 
28.4 mg. per hundred cubic centimeters, decreased to 13.8 mg. per hundred cubic 
centimeters. Six examinations of the urine yielded negative results. Two months 
later the urea clearance measured 80 per cent of average normal and the blood 
urea nitrogen 13.9 mg. per hundred cubic centimeters. Alkali was taken infrequently 
in the subsequent five months. The hypertension persisted with readings in the 
neighborhood of 185 systolic and 120 diastolic. 

Hospitalization again was necessary on March 19, 1934, because of sudden 
blurring of vision which had progressed to almost complete blindness. Physical 
examination revealed a definite hemianalgesia; the blood pressure was 230 systolic 
and 120 diastolic. Involuntary movements and jacksonian convulsions developed, 
and the patient lapsed into a coma which persisted for several days. There was 
subsequently a rapid improvement, both in mental clearness and in vision. No 
alkali was administered during this period of hospitalization. Small quantities 
of a mixture of sodium citrate and tribasic calcium phosphate were taken daily 
during the next two and one-half years. The blood pressure fluctuated from 
150 to 196 systolic and from 96 to 130 diastolic. 

The patient entered the hospital a fourth time, on May 24, 1937, because of 
recurrent bleeding. Four hundred and eighty grams of the sodium citrate, tribasic 
calcium phosphate mixture and 1,020 Gm. of the same combination of alkalis 
with 10 per cent ammonium chloride added was given in twenty-five days (May 24 
to June 18). The urea clearance on three occasions measured 23, 29 and 29 per 
cent and the blood level of urea nitrogen varied from 19.5 to 26.0 mg. per hundred 
cubic centimeters. Roentgen irradiation (a total of 3,050r) was directed to the 
fundus of the stomach through anterior and posterior portals for ten days in an 
effort to reduce gastric acidity. The irradiation produced a histamine achlor- 
hydria, which persisted for several months. During the subsequent twelve months 
the patient took no alkali. His blood pressure fluctuated from 146 to 156 systolic 
and from 80 to 98 diastolic. Occasional specimens of urine contained slight to 
moderate amounts of albumin. The specific gravity varied from 1.010 to 1.020. 
On June 8, 1938, seven years after the initial determinations, the final value for 
urea clearance was 45 per cent of average normal and the blood level of urea 
nitrogen was 28.6 mg. per hundred cubic centimeters. 


It will be noted that both patients had received comparatively small 
quantities of alkali. Indeed, none had been taken for long intervals 
during the period of observation. In the first case the clearances of 
67 and 61 per cent actually represent good renal function in view of the 
hypertension and the numerous additional complications. In the second 
case the appearance of hypertension two years after the initial visit is, 
we think, unrelated to the alkali therapy. The possibility that the alkali 
contributed to the impairment of renal function cannot be definitely 


“0 dg 














806 ARCHIVES OF INTERNAL MEDICINE 


excluded, but, in our opinion, the decreased urea clearances are attribu 
table entirely to the hypertension and to associated renal arteriosclerosis 

It is clearly evident from this study, therefore, that prolonged alkali 
therapy, even though complicated by alkalosis, does not permanentl) 
depress the urea clearance, regardless of the original status of renal 
function. 

SUMMARY 

Alkalosis, as indicated by electrolyte changes in the serum, occurred 
on 135 occasions in 111 patients with peptic ulcer treated by the 
Sippy program. Multiple episodes of alkalosis occurred in 18 patients. 
The disturbance was slight in 71 instances, moderate in 27 and severe 
in 37. The electrolyte balance was undisturbed during subsequent alkali 
therapy in 29 persons who had recovered from a previous episode of 
alkalosis. The alkalosis was not a direct function of the quantity of alkali 
received. Symptoms usually appeared within four to ten days after the 
onset of treatment and consisted of a distaste for milk and cream, weak- 
ness, dizziness, headache, dryness of the mouth, nausea and vomiting. 
Many patients with slight alkalosis and several with moderate or severe 
alkalosis did not complain of any discomfort. There was no constant 
relation between the severity of symptoms and the degree of chemical 
alkalosis. 

Bleeding occurred in 60 of the 135 episodes of alkalosis. There 
seemed to be no correlation between the severity of bleeding and the 
frequency of alkalosis. Gastric retention was present in 6 of 71 patients 
with slight alkalosis, in 10 of 27 patients with moderate alkalosis and 
in 20 of 37 patients with severe alkalosis. 

Disease of the genitourinary tract was demonstrated in 16 patients. 
The urea clearance had been normal in 3 and reduced or low in 6 of 
this group. The acid-base balance was undisturbed in a group of 23 
patients with renal disease similarly treated, in 10 of whom renal func- 
tion at the onset of treatment had been normal and in 6 of whom it 
had been low. Thirty-seven of the 135 episodes oi alkalosis occurred 
in patients with hypertension. The urea clearance previously had been 
normal in 7 and low in 14 of this group. Alkalosis did not occur 
in a group of 17 hypertensive patients with ulcer similarly treated, in 
7 of whom renal function at the onset of treatment had been normal 
and in 8 of whom it had been low. 

The effect of alkalosis on the urea clearance was studied in 48 
patients of the present series. Renal function at the onset of alkali 
therapy was normal in 24 and reduced or low in 24. The urea clear- 
ance during alkalosis did not change in 20 patients, in 14 of whom 
normal values had been obtained originally. Renal function diminished 
in 28 patients; it previously had been normal in 10 and low in 18 
of this group. The depression of the urea clearance during alkalosis 
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depended apparently on two factors (a) the severity of the alkalosis 
and (6) preexistent impairment of renal function. 

The urea clearance was determined within several weeks after 
alkalosis in 22 of the 28 patients in whom it had decreased during the 
acid-base disturbance. A return to the previous level was noted in 19 
patients; the original value had been normal in 6 of these and low 
in 13. Failure to return to the previous level was observed in 3 patients ; 
the original values had been normal in 2 of these and low in 1. The 
urea clearance later returned to its original level in all 3 patients. 

The blood urea nitrogen was elevated during alkalosis in 55 instances. 
Hypertension was present in 16 patients of this group, massive hemor- 
rhage in 16 and gastric retention in 25. Albumin and casts were detected 
in the urine during alkalosis in 28 instances. Gross or microscopic 
hematuria was not observed. 

It was not necessary to discontinue alkali for or to administer addi- 
tional chloride to 51 of the 135 patients. Treatment of the remaining 
patients consisted variously of a change of antacid, the administration 
of either ammonium or sodium chloride, with or without the discon- 
tinuance of alkali, and the parenteral use of fluids. Clinical improve- 
ment rather rapidly followed the institution of these therapeutic measures. 

The effect of prolonged alkali therapy on renal function was studied 
in 62 patients divided into the two following groups: (@) those whose 
condition was uncomplicated by alkalosis and (b) those in whom alkalosis 
developed. In group (@) there were 29 patients. The urea clearance 
decreased in only 1 of this group, diminishing from 67 to 40 per cent in a 
68 year old woman after the ingestion of large quantities of alkali for five 
and a half years. The blood pressure, the value for blood urea nitrogen 
and the urine remained normal, however. In group (>) there were 33 
patients among whom alkalosis occurred on 48 occasions. A decrease in 
the urea clearance was noted in only 2 patients of this group, each of 
whom had hypertension. 

CONCLUSIONS 

1. Alkalosis is a not infrequent complication of the Sippy treatment 
of peptic ulcer, although it may not be accompanied by clinical symptoms. 

2. Alkalosis may develop in patients with normal renal function. The 
incidence of alkalosis is apparently greater in the presence of massive 
hemorrhage, after the loss of gastric juice either by vomiting or by 
therapeutic aspiration and in the presence of preexisting impairment of 
renal function. 

3. The depression in renal function noted during alkalosis is usually 
temporary, although in occasional patients the decrease may persist for 
several months. 

4. Renal function, as indicated by the urea clearance test, is not 
permanently decreased by the prolonged administration of alkali. 








PERIPHERAL BLOOD FLOW IN MYXEDEMA 


HAROLD J. STEWART, M.D. 
AND 
WILLIS F. EVANS, M.D.* 
NEW YORK 


The cardiac output,’ the circulating blood volume,’ the velocity of 
blood flow, the pulse rate, the pulse pressure and the vital capacity * 
are decreased when the basal metabolic rate* is low in patients with 
myxedema. The pale, cold, dry skin of patients suffering from this 
disease suggested that there might be alterations of peripheral blood 
flow. Objective measurements, however, are not contained in the litera- 
ture relating to the amount of blood allocated to the periphery. Stewart 
and Evans* found that the peripheral blood flow in patients with 
hyperthyroidism was increased and that it fell with the administration 
of iodine and decreased further still after subtotal thyroidectomy, so 
that there was a linear relation between basal metabolic rate and 
peripheral blood flow. The increase in peripheral blood flow accounted 
for the pink, moist skin which these patients exhibited. It was of interest to 
measure the peripheral blood flow, therefore, in patients with myxedema, 
at the other end of the metabolic scale from persons with hyperthy- 
roidism. Data on such patients have now been accumulated and form 
the subject of this report. Six women suffering from myxedema were 


* Lewis Cass Ledyard Fellow in Medicine (Cardiology), 1940-1941. 

Read at a meeting of the Association of American Physicians, May 7, 1941, 
Atlantic City, N. J. 

From the New York Hospital and the Department of Medicine, Cornell Uni- 
versity Medical College. 

1. Stewart, H. J.; Deitrick, J. E., and Crane, N. F.: Studies of the Circulation 
in Patients Suffering from Spontaneous Myxedema, J. Clin. Investigation 17:247, 
1938. 

2. Gibson, J. G., II, and Harris, W. H.: Clinical Studies of the Blood Volume: 
II. Hyperthyroidism and Myxedema, J. Clin. Investigation 18:65, 1939. 

3. Blumgart, H. L.; Gargill, S. L., and Gilligan, D. R.: Studies in Velocity of 
Blood Flow: XIV. The Circulation in Myxedema with a Comparison of the 
Velocity of Blood Flow in Myxedema and Thyrotoxicosis, J. Clin. Investigation 9: 
91, 1930. 

4. Du Bois, E. F.: Basal Metabolism in Health and Disease, Philadelphia, 
Lea & Febiger, 1936, p. 318. 

5. Stewart, H. J., and Evans, W. F.: The Peripheral Blood Flow in Hyper- 
thyroidism, Am. Heart J. 20:715, 1940. 
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observed. All exhibited normal sinus mechanisms and were without 
signs and symptoms of congestive heart failure. Four of them (E. s., 
L. C., M. P. and R. M.) suffered from spontaneous myxedema and 2 
(M. K. and E. B.) from postoperative myxedema (table 1). 


METHOD 


The peripheral blood flow was measured by the method employed by Stewart 
and Jack ® and Stewart and Evans ® in other investigations. The historical back- 
ground of the method employed was discussed in their papers. In the description 
of the method in these papers the terminology of Winslow, Herrington and Gagge ¢ 
relating to heat storage was used. After a recent informal discussion by 
Du Bois *® with Burton and Gagge about this point it seemed best to make the 
terminology conform to that in most common usage, in that when there is a gain 
of heat to the body, or heat storage, it is called heat storage or “positive” heat 
storage. The formulas relating to heat storage used in the earlier papers ® are 
now altered with this in view. 

The equation used by Hardy and Soderstrom !° for calculating peripheral blood 
flow is shown in formula I. 


° 4 


um 49 P Hl ae c 
Formula I. F=>=17x A wi wi 9.1 or 6.5 ) 


in which : a 
F = peripheral conductance above the minimal value 


17 = factor for converting cal./C./M?2/hr. into cc./min. 
A = surface area in sq. M. 
HI = heat loss (see formula II) 
MR = mean of rectal temperature 
MS = mean of the average skin temperature (derived by weighting) 
9.1 = kilocals/C./M?2/hr. (average thermal conductivity of super- 
ficial tissue with minimal blood fiow for males in temperatures 
below 28 C.) 
6.5 = same as the preceding equivalent but for females 
F in this formula measures the heat carried to the surface in excess of the heat 
conducted by the tissues. If blood enters the periphery at rectal temperature and 


finally reaches the surface at skin temperature, F will measure this flow in 
cubic centimeters per minute. 


6. Stewart, H. J., and Jack, N. B.: The Effect of Aminophyllin on Peripheral 
Blood Flow, Am. Heart J. 20:205, 1940. 

7. Winslow, C.-E. A.; Herrington, L. P., and Gagge, A. P.: Physiological 
Reactions of the Human Body to Varying Environmental Temperatures and 
Humidities, Am. J. Physiol. 120:1, 1937. 

8. Du Bois, E. F.: Personal communication to the authors. 

9. Stewart and Evans. Stewart and Jack.® 

10. Hardy, J. D., and Soderstrom, G. F.: Heat Loss from the Nude Body and 
Peripheral Blood Flow at Temperature of 22 C. to 35 C., J. Nutrition 16:493, 
1938. 
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In the Hardy and Soderstrom ?° formula, heat loss was measured in a calo- 
rimeter. In the modification used by Stewart and Jack ® and Stewart and Evans,° 
heat loss was calculated indirectly as follows: 

Formula II. Hl= (Hp) — (Hs) 

The heat produced (Hp) was derived by measuring oxygen consumption. 

Heat storage (Hs) could also be calculated, since data relating to changes in 
skin and in rectal temperature could be collected and substituted in formula III. 


Formula III. Hs=W x 08 [(AR x 0.8) + (AS x 0.2)] 


in which ; ad 
Hs = heat storage (final calculation on the basis of the 


cal./M?2/hr.) 
W = body weight in Kg. 
0.8 = average specific heat of body tissues 
AR x 0.8 = weighted change in rectal temperature 
AS x 0.2 = weighted change in average skin temperature 
The changes in rectal temperature (AR) and in average skin temperature 


(AS) are expressed by formulas IV and V, respectively,. as follows: 


Formula IV. AR = Re—Rs 
in which ; 
AR = change in rectal temperature 
Re = rectal temperature at end of 20 minute period 


Rs = rectal temperature at beginning of 20 minute period 


Formula V. AS =Se—Szpn 
in which 
AS = change in average skin temperature 
Se = average skin temperature at end of 20 minute period 


Ss = average skin temperature at beginning of 20 minute period 


Use of these formulas implies making a series of readings of skin and of 
rectal temperature at a known time and repeating the readings after a known 
interval. Twenty minute intervals were found to be satisfactory. Skin tem- 
peratures were taken at eleven points on the anterior surface of the body.2 The 
average skin temperature was derived by weighting the temperatures of these 
eleven areas according to the amount of body surface represented by each (Hardy, 
Du Bois and Soderstrom 11). 

By substituting the data derived from formulas IV and V in formula III heat 
storage (Hs) for known periods was calculated. After heat storage (Hs) was 
calculated for a given interval, it was only necessary to subtract this from the heat 
produced (Hp) in order to derive the heat loss (H/) for this period. By substitut- 
ing the value for heat loss (H/) in formula I the peripheral blood flow was measured 


11. Hardy, J. D.; Du Bois, E. F., and Soderstrom, G. F.: The Technique of 
Measuring Radiation and Convection, J. Nutrition 15:461, 1938. 
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‘or the known period in cubic centimeters per minute. Since the surface area of 
the body was known, blood flow was calculated as cubic centimeters per square 
meter per minute. 
EXAMPLE OF CALCULATION 
In table 2 are recorded data concerning subject L. C. for the last twenty 
minute period shown in figure 1. By substituting these data in the appropriate 
aforementioned formulas the peripheral blood flow was calculated. 
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Fig. 1—Data on patient L. C. 


r 


The average skin temperature (S) was derived by weighting the skin tem- 
peratures (7) of the eleven areas according to the percentage of surface area 
each represented.11 The average skin temperature at the beginning (Ss) of the 
last twenty minute period was calculated in the following manner: 


Ss= [ct x 0.07) +a Bette x 0.35) + teats x 0.14) + 
(Tr X 0.05) + eT X 0.19) + (Tw X 0.13) + (Tu X 0.07) ] 
ae (34.7 + 35.4 + 34.5 c (34.3 + 34.2 
= [ (34.5 x 0.07) + ; X 0.35) + GAs ts 
x 0.14) + (34.2 x 0.05) + G44 + 336 y 0.19) + (33.5 x 0.13) 


+ (33.5 x 0.07) ] 
= 34.30 C. 
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The average skin temperature at the end (S:) of the twenty minute perio: 
calculated in a similar manner, was 34.23 C. 
The rectal temperatures at the beginning (ts) and the end (Re) of the same 
twenty minute period were 36.84 C. and 36.87 C., respectively (table 2). 
Therefore, the changes in temperature are calculated by substituting in formulas 
IV and V as follows: 
Formula IV: AR=Re—Rs 
= 36.87 — 36.84 
= + 0.03 C. 
Formula V: AS = Se— Sz 
= 34.23 — 34.30 
= — 0.07 C. 


To calculate heat storage, substitute the values derived by formulas IV and 
V in formula ITI. 


Hs=W x08 [ (AR x 0.8) + (AS x 0.2) | 
= 71.7 x 08 [ (+ 0.03 x 0.8) + (—0.07 x 0.2) | 


= 57.4 (+ 0.01) 
= + 0.57 cal./20 min. 


Since + 0.57 cal. was the heat storage (Hs) for a twenty minute period, the 
heat storage for an hour was derived by multiplying by 3. 
Hs = 3 x + 0.57 cal. 
= +17 cal./hr. 


Substitute in formula II. 
HI! = (Hp) — (Hs) 
= (52.6) — (+17) 
= 52.6 —1.7 
= 50.9 cal./hr. 
To reduce heat loss to calories per square meter per hour, divide by surface 
area (A), 1.72 sq. M. 
HI = 52-9 
1.72 
= 29.6 cal./sq. M./hr. 
The mean rectal temperature and the mean of the average skin temperature 
(MR and MS, respectively, in formula I) for the period were calculated as follows: 


Formula VI. MR= pe 3} 


= 36.84 + 36.87 
2 


— 36.86 C. 


Formula VII. MS = NSE 
= 34.30 + 34.23 
2 


= 34.27 C. 


As the final step, substitute the values for heat loss (H/), the mean rectal 
temperature (MR) and the mean of the average skin temperature (MS) in 
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formula I (second paragraph of the section on method), using 6.5, the average 
thermal conductivity for females : 


? 


a eee H! ae 
F=17x A ( sg — ® ) 


— a 7 (29.6 ee Fe 
mee Kase 3686 —a2r °”) 


= 29,2 ( xis _ 6.5 ) 
= 29.2 (11.4— 6.5) 
= 29.2 x 4.9 
= 143 cc./min. 
Reduce the blood flow, 143 cc./min., to cubic centimeters per square meter per 
minute since the surface area (4), 1.72 sq. M., is known: 


aim 143 
F = 143 


= 83 cc./sq.M./min. 

The average peripheral blood flow per minute during this twenty minute period 
is thus obtained. 

In order to use this method, certain data were required, namely, recordings of 
skin temperature, of rectal temperature, of oxygen consumption, of height and 
of body weight. The skin temperature was measured with the improved 
Hardy-Soderstrom radiometer,}* the rectal temperature with a single junction 
copper-constantan thermocouple }2 and the oxygen consumption with a Benedict- 
Roth metabolism apparatus.1*\ The basal metabolic rate was calculated from Mayo 
Foundation Standards for age and sex 14 and the surface area from the tables of 
Du Bois and Du Bois.15 

The order in which data were recorded followed the plan already described.® 
All observations were made with the patients in a basal metabolic state. Six sets 
of skin and rectal temperatures were recorded at twenty minute intervals, 
from which the average peripheral blood flow for five twenty minute periods was 
calculated. The blood pressure and pulse rate were recorded during free intervals 
between temperature readings. The arm to tongue circulation time (decholin 
{sodium dehydrocholate] 1) was measured after the last estimate of oxygen 
consumption had been made. Observations were made in exactly the same sequence 
for each patient at the environmental temperature ® prevailing during the initial 
measurements. Observations were made before treatment was instituted and again 
at intervals after the administration of thyroid. 








12. Hardy, J. D., and Soderstrom, G. F.: An Improved Apparatus for Measur- 
ing Surface and Body Temperature, Rev. Scient. Instruments 8:418, 1937. 

13. Roth, P.: Modifications of Apparatus and Improved Technique Adaptable to 
the Benedict Type of Respiration Apparatus, Boston M. & S. J. 186:457, 1922. 

14. Boothby, W. M.; Berkson, J., and Dunn, H. L.: Studies of the Energy of 
Metabolism of Normal Individuals: A Standard for Basal Metabolism with a 
Nomogram for Clinical Application, Am. J. Physiol. 116:468, 1936. 

15. Du Bois, D., and Du Bois, E. F.: A Formula to Estimate Approximate 
Surface Area if Height and Weight Be Known, Arch. Int. Med. 17:863 (June) 
1916. 

16. Tarr, L.; Oppenheimer, B. S., and Sager, R. V.: The Circulation Time in 
Various Clinical Conditions Determined by the Use of Sodium Dehydrocholate, 
Am. Heart J. 8:766, 1933. 
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RESULTS 


Metabolic Rate and Peripheral Blood Flow.—Beiore treatment when 
the basal metabolic rate was low, the peripheral blood flow was also 
decreased. With progressive elevation of the basal metabolic rate to 
normal during the administration of thyroid, there was a successive 
increase in the peripheral blood flow (table 1, fig. 2). 
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Fig. 2—(a) The peripheral blood flow, the basal metabolic rate and the 
circulation time for each subject before and during the institution of thyroid 
therapy. (b) Averages for the whole group. 


Skin Temperature.—The average skin temperature was low at first 
and increased with the giving of thyroid. The average temperatures of 
the hands and feet showed similar trends for the whole group (table 1). 

Rectal Temperature.—Changes in rectal temperature did not follow 
any pattern (table 1). 

Pulse Rate and Pulse Pressure—The pulse rates in each of the 6 
patients and in the group averages showed trends parallel with changes 
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1 the basal metabolic rate and the peripheral blood flow, that is, 
sncreases with the giving of thyroid. The average pulse pressures showed 
similar changes in all but 1 patient (table 1). 

Circulation Time.—The circulation time was prolonged before treat- 
ment. It became shorter during treatment with thyroid (table 1, fig. 2). 


COMMENT 


In a recent paper Stewart and Evans * showed that when the basal 
metabolic rate was elevated in patients with thyrotoxicosis the peripheral 
blood flow was also increased and during a fall in basal metabolic rate 
to normal with treatment there was a parallel decrease in peripheral blood 
flow. The observations now being reported furnish objective evidence 
that in the patients with myxedema these changes were of a reverse order. 
At a time when the basal metabolic rate was low in the untreated sub- 
jects, the peripheral blood flow was also decreased. During the pro- 
gressive rise in basal metabolic rate with administration of thyroid there 
were successive and parallel increases in peripheral blood flow (fig. 2). 
Moreover, there was a linear relation between basal metabolic rate and 
peripheral blood flow, since with a progressive increase in basal metabolic 
rate there was an increase in peripheral blood flow (fig. 3). The wide 
scattering of peripheral blood flow at various levels for individual 
patients, particularly before treatment, appears to be due, in part, to 
different basal metabolic rates and, in part, to a different room tempera- 
ture for each patient (fg. 2). Hick, Keeton, Glickman and Wall ** and 
Hardy and Soderstrom ?® have shown a correlation between rise in 
environmental temperature and increase in the peripheral blood flow. 
Observations published recently by Stewart and Evans ° are in agree- 
ment with their findings. For this reason care was exercised to keep the 
environmental temperature approximately the same during all observa- 
tions on a single patient. 

The skin of subjects suffering from myxedema appeared pale, cold 
and dry during the initial studies. Before treatment the average skin 
temperature and the peripheral blood flow were decreased, when the 
basal metabolic rate was low. The first studies after the administration 
of thyroid showed rises in skin temperature, peripheral blood flow 
and basal metabolic rate. Measurements made when the basal metabolic 
rate and peripheral blood flow had returned to normal in each patient 
showed further rises in skin temperature in 3 patients, essentially 
no change in 1 and a definite fall below the previous level in 2 (table 1). 








17. Hick, F. K.; Keeton, R. W.; Glickman, N., and Wall, H. C.: Cardiac Out- 
put, Peripheral Blood Flow and Blood Volume Changes in Normal Individuals 
Subjected to Varying Environmental Temperatures, Heating, Piping & Air Con- 
ditioning 11:50, 1939. 
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It is evident, therefore, that increase in blood flow may occur at a 
time when there is a relative decrease in average skin temperature. 
These results are in agreement with the opinion expressed by Barr 
and Du Bois,'* that it is possible for the body to lose more heat through 
a cool skin than through a warm one. Their subjects, studied in the 
Russell-Sage calorimeter, lost more heat by increased convection and 
evaporation, while the mechanism of heat loss in the patients in this 
investigation was not clear, since a calorimeter was not used. None 
experienced chilliness or exhibited sensible perspiration. It is well known 
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Fig. 3.—The data for peripheral blood flow are plotted against the corresponding 
basal metabolic rates. A linear relation is established, since with an increase in 
the basal metabolic rate the peripheral blood flow also increases. 


that insensible perspiration may in itself bring about increased heat loss 
in the presence of a cool skin. 

There appeared to be no direct relation between the temperature 
of the hands and the feet and the average skin temperature. The 
average temperature of the hands followed the average temperature of 
the body more closely, while the average temperature of the feet more 


18. Barr, D. P.. and Du Bois, E. F.: The Metabolism in Malarial Fever, Arch. 
Int. Med. 21:627 (May) 1918. 
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nearly paralleled the changes in peripheral blood flow and in basal 
metabolic rate. The data for patient L. C. (fig. 1, table 1) are presented 
in detail to bring out these points. 

The change in rectal temperature for each patient and for the 
group was much less marked than the alteration in average skin 
temperature. The average skin temperature for the group increased 
0.82 C., while the rectal temperature showed a rise of only 0.02 C. 
from the time these patients were first seen until normal levels of basal 
metabolism were attained under treatment with thyroid (table 1). 

Stewart, Deitrick and Crane * found that the cardiac output was low 
in patients with myxedema and increased to normal with a rise in basal 
metabolic rate on the administration of thyroid. The average cardiac 
outputs for the group on which they reported, determined at basal 
metabolic rates comparable to those at which our studies of peripheral 
blood flow were made, are shown in figure 4. The allotment of the 
cardiac output to the various organs in man is not known. In patients 
with myxedema, when the cardiac output is low, the amount allotted 
to the skin is also small. At the average basal metabolic rate of — 30 
per cent about 1.3 per cent of the cardiac output was allotted to the 
skin. On return of cardiac output to a normal level during thyroid 
therapy the peripheral blood flow increased also, so that approximately 
4 per cent of the output was allotted to the skin. 

From Stewart, Deitrick and Crane’s observations,’ it appeared that 
the cardiac output per minute and per beat was decreased to such an 
extent in persons in a myxedematous state that in order for an adequate 
circulation to be maintained even for the lowered metabolic requirements 
of the organism, increase in the arteriovenous oxygen difference took 
place. In the investigation reported here, it has been demonstrated that 
the amount of blood allotted to the periphery was small when patients 
were suffering from myxedema. Increased flow of blood to the surface 
indicates increased heat loss. These data suggest that the mechanism 
responsible for the circulatory phenomena observed in patients with 
thyroid insufficiency is directed to the conservation of heat, for not only 
was the total cardiac output and that portion allocated to the body 
surface decreased but the velocity of blood flow was so low that the 
arteriovenous oxygen difference was increased. Boothby and Rynearson ** 
have observed that in persons with thyrotoxicosis there was a greater 
increase in cardiac output than occurred in normal subjects as a result 
of a corresponding increase in oxygen consumption due to work. It has 
been shown that during this time the arteriovenous oxygen difference was 


19. Boothby, W. M., and Rynearson, E. H.: Increase in Circulation Rate 
Produced by Exophthalmic Goiter Compared with That Produced in Normal 
Subjects by Work, Arch. Int. Med. 55:547 (April) 1935. 
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decreased. Recent observations of Stewart and Evans * showed a marked 
increase in peripheral blood flow during the hyperthyroid state. Since 
the total cardiac output and the peripheral blood flow were greater than 
the flow required for tissue metabolism (decreased arteriovenous oxygen 
difference), the mechanism in thyrotoxicosis was directed to increased 
heat loss, that is, opposite to that prevailing in myxedema. 

The circulation time was estimated in order to have an additional 
objective measurement to correlate with values for peripheral blood flow. 
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Fig. 4—The average basal metabolic rate and the average peripheral blood flow 
for the whole group together with the average cardiac output of myxedematous 
patients at comparable levels of basal metabolism as reported by Stewart, Deitrick 
and Crane.? 


These results demonstrate that in persons in a myxedematous state when 
the basal metabolic rate and the peripheral blood flow were decreased, 
the circulation time was prolonged. With a progressive increase in the 
basal metabolic rate during the administration of thyroid, there was a 
progressive decrease in circulation time (table 1, fig. 2). 
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SUMMARY 


Using a method which Stewart and Jack ® and Stewart and Evans ° 
have employed in earlier studies, we have made measurements of 
peripheral blood flow in 6 patients suffering from myxedema when they 
were first seen before treatment and again on several occasions during 
the course of thyroid therapy. In addition, certain other measurements 
of the circulation were recorded. The results are summarized as follows: 

In persons in a myxedematous state when the basal metabolic rate 
was low, the peripheral blood flow in cubic centimeters per square meter 
per minute was decreased. With an increase in basal metabolic rate 
toward a normal level during the administration of thyroid, a progressive 
increase in peripheral blood flow occurred, so that a linear relation was 
maintained. These changes were opposite in direction to those observed 
in persons with thyrotoxicosis® and confirm the relation between 
peripheral blood flow and basal metabolic rate in these two diseases. 

The cardiac output is decreased in patients with myxedema.’ How 
the organs share this decrease is not known, but it is now shown that 
the amount of blood allotted to the periphery is decreased. 

The circulation time before treatment was prolonged. During treat- 
ment progressive decreases took place. Shortening of circulation time 
roughly ran parallel to increase in basal metabolic rate and in peripheral 
blood flow. 

The changes in pulse rate and pulse pressure followed roughly the 
increases in basal metabolic rate and peripheral blood flow. 

For the most part, change in the average skin temperature followed 
the changes in basal metabolic rate and in peripheral blood flow. 

No direct relation was observed between average skin temperature 
and the temperature of the hands and the feet. 

No constant or significant changes in rectal temperature were 
observed during the several periods of study of each subject. 

. Conservation of heat has been suggested as an explanation for the 
decrease in peripheral blood flow in untreated patients suffering from 
myxedema. 
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Interest in the relation of renal function and arterial hypertension, 
recognized since the time of Bright, has been greatly stimulated by 
the experimental work of Goldblatt and his associates, who were able 
to produce permanent hypertension in animals by partial constriction 
of the main renal arteries. The experiments of Goldblatt and his 
co-workers have been successfully repeated in different ways by many 
authors, as cited by Goldblatt,? and the importance of normal renal 
circulation for the maintenance of normal blood pressure in animals 
appears to be an established fact. 

Page and his associates* and Mufioz and Braun-Menendez and 
their associates,* reviving the original work of Tigerstedt and Berg- 


* Mendelson Research Fellow. 

Funds for this work were made available through a grant to the Department 
of Neurosurgery by the Aaron Mendelson Memorial Trust Fund. 

1. Goldblatt, H.; Lynch, J.; Hanzal, R. F., and Summerville, W. W.: Stud- 
ies on Experimental Hypertension: I. The Production of Persistent Elevation of 
Systolic Blood Pressure by Means of Renal Ischemia, J. Exper. Med. 59:347, 
1934. Goldblatt, H.: Studies on Experimental Hypertension: XII. The Experi- 
mental Production and Pathogenesis of Hypertension Due to Renal Ischemia, Am. 
J. Clin. Path. 10:40, 1940. 

2. Goldblatt, H.: Experimental Hypertension Induced by Renal Ischemia, in 
Harvey Lectures, 1937-1938, Baltimore, Williams & Wilkins Company, 1938, 
p. 237. 

3. Page, I. H., and Helmer, O. M.: A Crystalline Pressor Substance (Angio- 
tonin) Resulting from the Reaction Between Renin and Renin Activator, J. Exper. 
Med. 71:29, 1940. Page, I. H.: Newer Aspects of Experimental Hypertension, 
in Blood, Heart and Circulation, Symposium Publication 13, American Associa- 
tion for the Advancement of Science, Washington, D. C., 1940, p. 239. 

4. Mufioz, J. M.; Braun-Menendez, E.; Fasciolo, J. C., and Leloir, L. F.: 
The Mechanism of Renal Hypertension, Am. J. M. Sc. 200:608, 1940. Braun- 
Menendez, E.; Fasciolo, J. C.; Leloir, L. F., and Mufioz, J. M.: The Substance 
Causing Renal Hypertension, J. Physiol. 98:283, 1940. 


822 








FOA ET AL—ARTERIAL HYPERTENSION 823 


man,® have offered further evidence of the importance of the renal cir- 
culation in hypertension by demonstrating the production in the kidney 
{ a pressor substance, which they have called angiotonin, or hyper- 
‘ensin. The amount of angiotonin produced is increased when renal 
circulation is impaired. No convincing proof has been given, here- 
tofore, that human hypertension is associated with reduced blood flow 
through the kidneys, although strong evidence indicates that this is 
the case. Blackman® performed autopsies on 50 patients who had 
had essential hypertension and found partial obstruction of the main 
renal artery due to arteriosclerotic plaques in 43 cases (86 per cent), 
whereas only 5 of 50 controls (10 per cent) showed similar lesions. 
Goldring and Smith and their associates * and, more recently, Chesley 
and Chesley § and McCann and Romansky * reported a marked reduc- 
tion of the effective renal blood flow in patients with essential hyper- 
tension, as measured by the diodrast clearance method. Patients with 
hypertension due to coarctation of the aorta also have reduced effective 
renal blood flow (Friedman, Selzer and Rosenblum °°). 

The diodrast clearance method for the determination of effective 
renal blood flow was recently developed by Smith and his associates.* 
It is based on the principle that diodrast plasma clearance (Cp) is 
practically complete at low concentration, and therefore is a measure 
of the flow of plasma through the active excretory renal tissue, exclud- 
ing the inert renal tissue. The rate of glomerular filtration (Cj) is 
measured by the clearance of inulin, a polysaccharide which is filtered 
through the glomeruli only and is not excreted or reabsorbed by the 
tubules. The filtration fraction (FF) is given by the C;,/Cp ratio and 


5. Tigerstedt, R., and Bergman, P. G.: Niere und Kreislauf, Skandinav. Arch. 
i. Physiol. 8:223, 1898. 

6. Blackman, S. S., Jr.: Arteriosclerosis and Partial Obstruction of the Main 
Renal Arteries in Association with Essential Hypertension in Man, Bull. Johns 
Hopkins Hosp. 65:353, 1939. 

7. Goldring, W.; Chasis, H.; Ranges, H. A., and Smith, H. W.: Effective 
Renal Blood Flow and Functional Excretory Mass in Essential Hypertension, 
J. Clin. Investigation 17:505, 1938. Smith, H. W.; Goldring, W.; Chasis, H., 
and Ranges, H. A.: Observations on the Effective Renal Blood Flow and Func- 
tional Excretory Mass in Man with Special Reference to Essential Hypertension, 
Am. J. Physiol. 123:189, 1938. 

8. Chesley, L. C., and Chesley, E. R.: Renal Blood Flow in Women with 
Hypertension and Renal Impairment, J. Clin. Investigation 19:475, 1940. 

9. McCann, W. S., and Romansky, M. J.: The Effect of Ptosis of the Kidneys 
on Blood Pressure, Renal Blood Flow and Glomerular Filtration, Tr. A. Am. 
Physicians 55:240, 1940. 

10. Friedman, M.; Selzer, A., and Rosenblum, H.: The Renal Blood Flow in 
Coarctation of the Aorta, J. Clin. Investigation 20:107, 1941. 

11. Smith, H. W.; Goldring, W., and Chasis, H.: The Measurement of the 
Tubular Excretory Mass, Effective Blood Flow and Filtration Rate in the Normal 
Human Kidney, J. Clin. Investigation 17:263, 1938. 
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represents the fraction of the plasma cleared by the glomeruli. The 
maximal possible excretion of diodrast at a high concentration of this 
substance in the plasma is used as a measure of the active tubular 
excretory mass (diodrast Tm, or Tmp). 

The evidence supporting the accuracy of the methods has been 
reviewed extensively by Smith,’ by Alving and Miller** and by 
Miller, Alving and Rubin ‘* and needs no repetition. 

The determination of effective renal blood flow per se does not 
give a complete picture of the circulatory conditions in the kidney. 
As a matter of fact, a reduced blood flow may be due to any of the 
following causes: 1. A reduced amount of normally perfused renal 
tissue (small normal kidneys, unilateral nephrectomy, etc.). Obvi- 
ously in this case the circulation in the renal tissue is normal. The 
blood flow thus reduced is not associated with hypertension. 2. Uni- 
form reduction in blood supply to all renal tissue. In this case hyper- 
tension should appear if the blood flow is sufficiently reduced. 3. 
Irregular distribution of blood to the renal tissue, with marked ischemia 
in one part of the kidney and comparatively normal circulation in 
other parts. Hypertension will appear under such circumstances if 
the amount of ischemic tissue is sufficiently great. As a matter of fact, 
strong evidence supports the hypothesis that neutralization, destruc- 
tion or elimination of the chemical mediator of hypertension depends 
on the ratio of ischemic to normal tissue rather than on the amount of 


ischemic tissue alone.?® 


12. Smith, H. W.: The Physiology of the Kidney, New York, Oxford Uni- 
versity Press, 1937. 

13. Alving, A. S., and Miller, B. F.: A Practical Method for the Measurement 
of Glomerular Filtration Rate (Inulin Clearance), Arch. Int. Med. 66:306 (Aug.) 
1940. 

14. Miller, B. F.; Alving, A. S., and Rubin, J.: The Renal Excretion of 
Inulin at Low Plasma Concentrations of This Compound, and Its Relationship 
to the Glomerular Filtration Rate in Normal, Nephritic and Hypertensive Indi- 
viduals, J. Clin. Investigation 19:89, 1940. 

15. Fasciolo, J. C.; Houssay, B. A., and Taquini, A. C.: The Blood Pressure 
Raising Secretion of the Ischaemic Kidney, J. Physiol. 94:281, 1938. Katz, 
L. N.; Mendlowitz, M., and Friedman, M.: A Study of the Factors Concerned 
in Renal Hypertension, Proc. Soc. Exper. Biol. & Med. 37:722, 1938. Rodbard, 
S., and Katz, L. N.: The Elimination of the Effect of the Chemical Mediator of 
Renal Hypertension, Am. J. M. Sc. 198:602, 1939. Rodbard, S.; Katz, L. N., 
and Sokolov, M.: Reduction of Arterial Hypertension by Subcutaneous Implanta- 
tion of Kidney Tissue, Proc. Soc. Exper. Biol. & Med. 44:360, 1940. Williams, 
J. R., Jr.; Grollmann, A., and Harrison, T. R.: The Reduction of the Blood 
Pressure of Hypertensive Dogs by the Administration of Renal Extract, Am. J. 
Physiol. 130:496, 1940. Grollmann, A.; Williams, J. R., Jr., and Harrison, T. R.: 
The Preparation of the Renal Extracts Capable of Reducing the Blood Pressure 
of Animals with Experimental Renal Hypertension, J. Biol. Chem. 134:115, 1940. 
Blalock, A.: Experimental Hypertension, Physiol. Rev. 20:159, 1940. 











FOA ET AL—ARTERIAL HYPERTENSION 825 


The conditions resulting from these three causes can be differenti- 
ated by the determination of the ratio of diodrast plasma clearance to 
tubular excretory mass (Cp/Tmp). When the excretory mass is 
reduced proportionally to the blood flow, as shown by a normal Cp /Tmp 
ratio, the condition belongs in the first category and no hypertension 
is found. When the excretory mass is not reduced as much as the 
blood flow, as shown by a decreased Cpy/Tmp ratio, the condition falls 
in the second or third category and hypertension may develop. Finally, 
conditions could be classified in the third category if a procedure could 
be found which would increase the tubular excretory mass without pro- 
portionally increasing the blood flow. The tubular excretory mass may 
appear reduced when an insufficient amount of diodrast reaches the 
tubules of an ischemic part or parts of the kidney. Any procedure 
which would improve the distribution of blood to these parts would 
result, obviously, in an increased tubular excretory mass. This could 
occur without an actual increase in total effective renal blood flow on the 
basis of better distribution of the blood, resulting in a decreased 
Cp/Tmp ratio. That this is a possibility in essential hypertension is 
indicated by the rapidly changing distribution of blood in other vaso- 
spastic disorders, such as Raynaud’s disease. 

With the working hypothesis that a spasm of the renal vessels is 
the cause of hypertension in man, and in the hope of curing this dis- 
ease by increasing the blood flow through the kidneys or improving its 
distribution to the renal tissue, Peet and associates,’* suggested the 
surgical denervation of the kidneys by means of splanchnicectomy and 
lower dorsal sympathetic ganglionectomy. We are studying the renal 
circulation of patients thus treated surgically for hypertension before 
operation and approximately two weeks and six months after the 
operation. 

The purpose of this paper is to report the results of the preoperative 
study of 20 of these patients, ranging in age from 26 to 54 years. 


METHOD 


Preliminary Studies and Choice of the Patients—Each patient was examined 
in the departments of medicine, ophthalmology, cardiology and roentgenology. 
Renal function studies, besides the routine urinalysis, included a short concentra- 
tion test (eighteen hours), measurement of urea clearance and determination of 
the nonprotein nitrogen content of the blood. Only patients without signs of 
cardiac decompensation or acute renal disease were included in this study. 


16. Peet, M. M.: Splanchnic Section for Hypertension: A Preliminary Report, 
Univ. Hosp. Bull., Ann Arbor 1:17, 1935. Peet, M. M.; Woods, W. W., and 
Braden, S.: The Surgical Treatment of Hypertension, J. A. M. A. 115:1875 
(Nov. 30) 1940. 
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The blood pressure was taken on admission to the hospital and several times 
after at least twenty-four hours of rest in bed, according to a standard procedure.!’ 
The cold pressor test and abdominal diathermy were used in an attempt to 
ascertain the degree of vasomotility and thus differentiate patients whose hyper 
tension was due to vasospasm from those whose hypertension was due to arterio- 
sclerosis. The cold pressor test was performed according to the technic of Hines.** 
Diathermy was applied by means of electrode pads in the region of the kidneys 
for thirty to forty-five minutes, and the lowest blood pressure reached was recorded. 

Further information on the condition of the blood vessels was obtained by 
measuring the thickness of the wall and the diameter of the lumen of the arterioles 
in biopsy specimens of intercostal tissue. Material for biopsy was obtained during 
the operation for splanchnicectomy and studied according to the method described 
by Morlock.19 The results are given as a ratio of the thickness of the wall to 
the diameter of the lumen. Only arterioles cut in exact cross section and varying 
between 20 and 150 microns of total diameter were used. At least five arterioles 
per patient were measured and the ratios averaged. Objections to the reliability 
of this method have been raised.2° We feel, however, that the results are 
comparable because the biopsy material was collected and fixed under uniform 
conditions with all patients under general anesthesia. 

Preparation of the Patient—Two liters of fluid was given to the patient 
the afternoon and evening prior to the experiment. All medication was discon- 
tinued for twenty-four hours. Two liters of fluid was given in the morning of 
the test, the patient having his last drink approximately ninety minutes before the 
first collection of urine. Neither coffee or tea nor breakfast was allowed. 


Clearance Test for Determining Effective Renal Blood Flow and Filtration 
Rate.—Thirty-five cubic centimeters of a 10 per cent solution of inulin and 
5 to 8 cc. of a 35 per cent solution of diodrast were dissolved in 1,000 cc. of 
physiologic solution of sodium chloride for continuous intravenous injection. The 
amount of diodrast was reduced proportionally to the urea clearance when this 
was below 75 per cent and to the surface area. A sample of urine was collected; 
then 30 cc. of blood was taken from a cubital vein and the infusion started through 
the same needle. Samples of blood and urine were used for blanks in the 
determination of inulin and diodrast. Fifteen cubic centimeters of a 10 per cent 
solution of inulin and 1.5 cc. of diodrast were injected directly into the vein 
through the rubber tubing as a priming dose. The rate of infusion was then 
adjusted to 5 cc. per minute by means of a special tubular clamp about 2 inches 
(5 cm.) long. Twenty minutes was allowed for blood levels of inulin and diodrast 
to become constant. During this interval, the patient was catheterized, the urine 
discarded and the bladder washed with a known amount of a physiologic solution 
of sodium chloride and then emptied with air. The first specimen of urine was 
collected in about ten minutes. Five minutes before collecting it 30 cc. of blood 


17. Standardization of Blood Pressure Readings: Joint Recommendations of 
the American Heart Association and the Cardiac Society of Great Britain and 
Ireland, Am. Heart J. 18:95, 1938. 

18. Hines, E. A., Jr.: Technique of the Cold Pressor Test, Proc. Staff Meet., 
Mayo Clin. 14:185, 1939; The Significance of Vascular Hyperreaction as Mea- 
sured by the Cold Pressor Test, Am. Heart J. 19:408, 1940. 

19. Morlock, C. G.: Arterioles of the Pancreas, Liver, Gastrointestinal Tract 
and Spleen in Hypertension, Arch. Int. Med. 63:100 (Jan.) 1939. 

20. Moritz, A. R., and Oldt, M. R.: Arteriolar Sclerosis in Hypertensive and 
Non-Hypertensive Individuals, Am. J. Path. 18:679, 1937. 
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as taken from the cubital vein of the other arm and transferred to an oxalated 
tube. According to this technic, urine was collected every ten minutes for eight 
mples and blood every twenty minutes for four samples. The time of collection 
as accurately recorded. The urine was immediately measured and diluted to a 

10 concentration to avoid precipitation of inulin. The flow of urine per minute 

vas computed, after subtracting the volume of saline solution used as a wash. 
he blood was centrifuged immediately to avoid diffusion of inulin and diodrast 
into the blood cells. A hematocrit reading was made. 

The blood pressure was taken every five to ten minutes; the temperature and 
pulse, every thirty minutes. The rate of infusion was checked at intervals and 
vas kept constant. 

Measurement of Tubular Excretory Mass.—Aiter six to eight clearance periods 
20 ce. of diodrast was injected into the vein through the rubber tubing. Ten 
cubic centimeters of diodrast was added to every 100 cc. of infusion solution left 
in the intravenous injection bottle. The rate of infusion was readjusted to 5 cc. 
per minute. Twenty minutes was allowed for blood levels to become constant 
again, and the bladder was emptied and washed as previously described. Speci- 
mens of blood and urine were taken according to the aforementioned technic for 
three clearance periods. 

Chemical Determinations —Diodrast: Five cubic centimeters of plasma or urine 
was placed in a nickel crucible, dried overnight at 90 C. and digested with about 
10 Gm. of sodium hydroxide pellets. The iodine was determined by the method 
of Kendall.22. The concentration of diodrast iodine was less than 2 mg. per 
hundred cubic centimeters of plasma. For the determination of tubular excretory 
mass, the diodrast iodine in the plasma was raised above 15 mg. per hundred 
cubic centimeters. 

Inulin: The method of Alving,22 which was recently modified by Miller, 
Alving and Rubin,!* was used for the determination of inulin. The concentration 
of inulin was approximately 8 to 15 mg. per hundred cubic centimeters of plasma. 

Blood flow, filtration rate and tubular excretory mass were calculated according 
to the method and formulas given by Smith, Goldring and Chasis.1!_ All data 
were corrected proportionally to the average body surface of 1.73 square meters 
and to a body temperature of 98.5 F. 


RESULTS 


Effective renal blood flow and filtration rate were determined for 
20 patients with hypertension. For 10 subjects tubular excretory mass 
was also determined. The filtration fraction and the ratios of plasma 
flow to tubular mass (Cp/Tmp) and filtration rate to tubular mass 
(Ci,/Tmp) were computed from these data (table 1). Seven normal 
subjects without hypertension were used as controls. A larger number 
of controls was felt unnecessary, owing to the fact that the results 
were comparable to those found in the literature (tables 2 and 3). 

The effective renal blood flow averaged 549 cc. per minute (165 to 
1,088.5 cc.) in hypertensive patients, which is a reduction to almost 


21. Kendall, E. C.: Determination of Iodine in Connection with Studies in 
Thyroid Activity, J. Biol. Chem. 43:149, 1920. 

22. Alving, A. S.; Rubin, J., and Miller, B. F.: A Direct Colorimetric Method 
for the Determination of Inulin in Blood and Urine, J. Biol. Chem. 127:609, 1939. 
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TasBL_e 2—Data on Nonhypertensive Subjects 








Blood 
Pa Age, Pressure, 
t Sex Yr. Mm. He 
M "1 134/86 

M 22 116/72 

M BBR . saces 

i M 4 120/82 
M 32 136/68 

M 26 124/82 

M at 137/70 
Average 128/76 


Effective 
Renal 
Blood 
Flow, 

Ce. 

per 

Min. 
717.08 
756.60 
889.00 
1,268.30 
1,095.20 
1,534.50 
1,159.00 
1,059.95 


Filtra- 
tion 
Rate, 
Ce 
Plasma 
per 

Min 
$1.54 
109.80 
97.00 
127.30 
108 34 
108.40 
185.90 


116.89 





* PF, filtration fraction; it is given by the ratio between the clearance of inulin and 


Tubular Ratioof Ratio of 


Excre- Diodrast Inulin 
tory Clear- Clear- 
Mass, ance ance 
Me. to to 
PF,° Iodine Exere- Excre 
per per tory tory 
Cent Min Mass Mass 
Jee ian 
23.7 47.3 9.76 2.23 
20.96 28.2 18.60 3.44 
W734 atees 
16.57 31.5 22.4 3.35 
12.51 45.00 19.45 2.30 
24.2 45.80 16.95 44 
118 40,22 16.23 LOS 


the clearance of diodrast and represents the fraction of the plasma cleared by the glomeruli 
+ The data on this patient were obtained separately for each 
ureteral catheter. The values given here are the total of the two determinations 


kidney by means of a 


TasBLe 3.—Data on Effective Renal Blood Flow, Glomerular Filtration Rate 
and Tubular Excretory Mass Obtained by Different Authors 
for Nonhypertensive Subjects 








Author 


Foa, Woods and Peet.............. 


Goldring, W.; Chasis, H.; Ranges, 


No. and 


Sex of 


Subjects 


7M 


43 M 


H. A., and Smith, H. W.: J. Clin. 


Investigation 193739, 1940 
Chesley, L. C., and Chesley, E. R.: 
Am. J. Physiol. 127: 731, 1939 


Miller, Alving and Rubin **........ 


White, H. L.; Findley, T., Jr., and 
Edwards, J. C.: Proe. Soc. Exper. 
Biol. & Med. 43311, 1940 


Friedman, Selzer and Rosenblum 2° 


McCann and Romansky °.......... 


13 F 


Ho 
LE 


11 


2M 
3 F 


Effective 
Renal 
Blood 

Flow, 
Ce. per 
Min. 
1,069.0 
(717.1- 
1,534.5) 
1,189.0 
(521- 
1,780) 
850.0 
(694- 


1,233) 


497 ¢ 


1,288 
(910- 
1,640) 
986 
(805- 
1,230) 
1,162.6 
(1,027- 


1,323 


Filtra- 
tion 
Rate, 

Ce 


Ratio Ratio 
Tubular of of 
Excre- Diodrast Inulin 
tory Clear- Clear- 
Mass, ance ance 
Me to to 


Plasma FF,* Iodine Exere- Excre- 


per per 
Min. Cent 


116.89 18.18 


($1.54- (12.51- 


185.9) 24.23) 


130.0 18.9 


(76 (14.1 
199) 25.4) 
20.4 
(15.2- 
24.5) 
111.5 
(4 
10) 
1244 17.8 
(110- (12.9- 
137) 22.7) 


125.8 19.0 
(116.5- (15- 


153) 22) 
YY ere 
(113- 
159) 





per tory tory 
Min. Mass Mass 


40.22 16.23 3.08 
(28.2- (9.76- = (2.23 


45.0) 22.4) 4.04 


53.3 22.3 2.57 

(38.8- (16- (2.09- 
72) 29.5) 3.12) 
443 


* PF, filtration fraction; it is given by the ratio between the clearance of inulin and 


the clearance of diodrast and represents the fraction of the plasma cleared by the glomeruli 
+ The average result for 58 clearance periods. 
} The average result for 3 subjects. 
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one-half the value of 1,060 cc. per minute (717 to 1,534 cc.) found : 
normal subjects. The filtration rate for patients with hypertension 
averaged 97.5 cc. of plasma per minute (45.8 to 175.8 cc.), which is 
less than the normal rate of 116.9 cc. per minute (81.54 to 185.9 cc.), 
but the reduction is not proportional to the reduction in blood flow. 
The filtration fraction, therefore, was increased from the normal level 
of 18.18 per cent (12.51 to 24.23 per cent) to the hypertensive level 
of 31.2 per cent (15.44 to 63.88 per cent). The tubular excretory 
mass was reduced but not significantly in most cases; for hyper- 
tensive subjects the average was 27.4 mg. of iodine per minute (7.92 
to 42.84 mg.), as compared with 40.22 mg. per minute (28.2 to 48 mg.) 
for normal subjects. The ratio of plasma flow to tubular excretory 
mass (Cp/Tmp) in patients with hypertension was low, indicating a 
low blood flow per unit of functioning renal tissue; the average value 
was 13.54 (6.84 to 23.5), as compared with the normal ratio of 
16.23 (9.76 to 22.4). The high ratio of filtration rate to tubular 
excretory mass (C;,/Tmp) shows that in hypertension there is a high 
filtration rate per unit of functioning renal tissue; the average value 
was 4.09 (2.78 to 5.87), as compared with the normal ratio of 3.08 
(2.23 to 4.04). These ratios were computed on the basis of plasma 
filtration rate and plasma flow. 

Table 1 includes also the data on the results of abdominal diathermy 
and the cold pressor test, concentration of urine, urea clearance, non- 
protein nitrogen content of the blood, condition of the eyegrounds and 
ratio of the thickness of the wall to the diameter of the lumen of the 
arterioles in the biopsy specimens. 


COMMENT 


A comparison of our results for nonhypertensive subjects and those 
obtained by other authors is given in table 3. Our results fall within 
the range of those of other investigators. The figures reported by 
Chesley and Chesley for blood flow are lower, and the discrepancy 
can be explained only partially by the fact that their patients were all 
females. Our values for tubular excretory mass are within the range 
of values obtained by Smith and his associates, but our average is 
lower and closer to the values reported by White, Findley and Edwards ; 
however, the Cp/Tmp and Cj,/Tmp ratios are comparable to those 
given by Smith and co-workers. The small number of determinations 
is probably partially responsible for the difference, since the concentra- 
tion of iodine in the blood was in all cases well above 15 mg. per 
hundred cubic centimeters, the minimum required for the saturation 
of the kidneys. 

A comparison of the results obtained for subjects without hyper- 
tension and those obtained for patients with hypertension shows that 
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the latter had a greatly reduced effective renal blood flow, that the 
‘iltration rate was decreased but less proportionally than the blood 
flow and that therefore the filtration fraction was increased. The 
tubular excretory mass was not significantly reduced in most cases. 
The filtration rate per unit of excretory mass (Cj,/Tmp) was elevated. 
The plasma flow per unit of excretory mass (Cp/Tmp) was reduced. 
Analogous results were obtained previously by Goldring, Smith and 
associates’ and by Chesley and Chesley.* 

High systemic blood pressure alone should result in an increased 
flow of blood through any organ. Pickering ** and Prinzmetal and 
Wilson ** have shown that patients with essential hypertension have a 
normal flow of blood through their extremities. Therefore, they con- 
cluded, the lumens of the blood vessels must be reduced proportion- 
ately to compensate with an increased peripheral resistance for the 
increased blood pressure. Since in our patients there was a reduction 
of renal blood flow, the vasoconstriction must have been even more 
severe in the kidneys than in the muscles or skin. As pointed out by 
Goldring, Smith and associates,’ the increased rate of glomerular filtra- 
tion relative to blood flow might be due to (1) the persistence of 
tubules which have lost their excretory capacity and serve merely as 
conduits for their still functioning glomeruli; (2) increased systemic 
blood pressure, or (3) hypertonus or sclerotic narrowing of the effer- 
ent glomerular arterioles. 

The first explanation does not seem likely, especially when one con- 
siders that vasomotor disturbances are present in the kidney at an 
early stage of hypertension, when no signs of tubular damage are 
present. Increased systemic blood pressure alone, although certainly 
a contributing factor, is not sufficient to explain the phenomenon. 
Corcoran and Page ** have shown experimentally that it is possible 
to induce a marked increase in blood pressure by the administration 
of pitressin and atropine, with only minor changes in filtration rate. 
Narrowing of the efferent glomerular arterioles is, therefore, an impor- 
tant, if not the most important, factor in the determination of the 
ischemia and the increased vascular resistance in the renal tissue. The 
predominant importance of the efferent arterioles for the regulation of 
the glomerular hemodynamics in nonhypertensive persons has been 


23. Pickering, G. W.: The Peripheral Resistance in Persistent Arterial Hyper- 
tension, Clin. Sc. 2:209, 1936. 

24. Prinzmetal, M., and Wilson, C.: The Nature of the Peripheral Resistance 
in Arterial Hypertension with Special Reference to the Vasomotor System, J. 
Clin. Investigation 15:63, 1936. 

25. Corcoran, A. C., and Page, I. H.: The Effects of Renin, Pitressin, and 
Pitressin and Atropin on Renal Blood Flow and Clearance, Am. J. Physiol. 126: 
354, 1939, 
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pointed out by Chasis, Smith and their associates ** and is supported 
by some anatomic evidence.** Any decrease in blood flow is accom- 
panied by a compensatory change in glomerular pressure, with the 
result that the filtration rate remains relatively constant, and a normal 
renal function can be maintained even in the presence of a relatively 
marked reduction in blood flow. Thus, the vessels of the kidney appear 
to maintain in hypertension the same degree of independence that they 
have under normal physiologic conditions. 

The ratios of Cp/Tmp and C;,/Tmp show that hypertensive patients 
have a high filtration rate and a low blood flow per unit of function- 
ing renal tissue (relative ischemia). 


CONCLUSIONS 

The results seem to indicate that hypertension is a systemic vascular 
disease, affecting equally the vessels of the eyegrounds, muscles and 
kidneys, associated with ischemia of the renal tissues and increased 
glomerular pressure. At an early stage of the disease, when signs oi 
damage to the renal function are still absent, renal ischemia may already 
be detectable. However, we have no definite evidence as yet on which 
to decide whether renal ischemia is a causal factor in human hyper- 
tension or simply one aspect of the systemic vascular disease. 

We believe that a correlation between the severity of the disease, 
the reduction in effective renal blood flow and the values for filtration 
fraction and tubular excretory mass is not justifiable as yet. However, 
an attempt at such a correlation can be made by dividing the patients 
into two groups (table 1). 

The first group includes patients 1 to 11; these all had a blood 
flow lower than 549 cc. per minute, our average value for renal blood 
flow in hypertensive patients. The filtration fraction averaged 40.06 
per cent for this group; the tubular excretory mass averaged 21.96 mg. 
of iodine per minute. The blood pressure on admission to the hospital 
averaged 239 systolic and 141 diastolic; after rest in bed the average 


26. Chasis, H.; Ranges, H. A.; Goldring, W., and Smith, H. W.: The Control 
of Renal Blood Flow and Glomerular Filtration in Normal Man, J. Clin. Investi- 
gation 17:683, 1938. Smith, H. W.; Rovenstine, E. A.; Goldring, W.; Chasis, 
H., and Ranges, H. A.: The Effects of Spinal Anesthesia on the Circulation in 
Normal, Unoperated Man with Reference to the Autonomy of the Arterioles and 
Especially Those of Renal Circulation, ibid. 18:319, 1939. Smith, H. W.: Kidney, 
in Luck, J. M., and Hall, V. E.: Annual Review of Physiology, Stanford Uni- 
versity, Calif., Stanford University Press, 1939, vol. 1, p. 503. Smith, H. W.; 
Chasis, H.; Goldring, W., and Ranges, H. A.: Glomerular Dynamics in the 
Normal Human Kidney, J. Clin. Investigation 19:751, 1940. 

27. Bensley, R. D.: The Efferent Vessels of the Renal Glomeruli of Mam- 
mals as a Mechanism for the Control of Glomerular Activity and Pressure, Am. J. 
Anat. 44:141, 1929. 
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| pressure for this group dropped to 198 systolic and 120 diastolic. 
\!l of the patients except 3 in this group had a fixed level of hyper- 
‘ension or a blood pressure fluctuating at high levels, which was 
scarcely influenced by rest in bed. Five of them had a markedly reduced 
crea clearance. All except 3 had reduced power of concentrating urine. 
(he nonprotein nitrogen content of the blood averaged 33.2 mg. per 
hundred cubic centimeters. Examination of the eyegrounds showed 


Taste 4—Comparison of Average Results for Patients with Less Than Five 
Hundred and Forty-Nine Cubic Centimeters of Effective Renal Blood Flow 
Per Minute (Group I) and for Patients with More Than Five Hundred 

and Forty-Nine Cubic Centimeters of Flow Per Minute (Group II) 








Group I, Group I, Total, 
Average Average Average 
PO ROP pe ee Pe Ser Te PET TTT TT eee eee 44 38 41 
Effective renal blood flow, ec. per minute *............... 863.00 775.5 549.00 
Filtration rate, ec. plasma per minute ¢...... nanan 85.60 107.7 97.5 
Sp | SAREE need geet Mester Oars See Pere eee REE OT TTT 40.06 23.23 31.2 
Tubular excretory mass, mg. iodine per minute.......... 21.96 32.85 27.4 
Diodrast clearance /excretOry MaAss..............+eseeeees 12.05 15.02 13.54 
Inulin clearance /excretory MASS..............-++seceseees 4.35 3.89 4.09 
Blood pressure, mm. Hg 
Ce ae is 6 LONK HN ech i crop necdtuceesssvers cata 239/141 212/134 227/138 
ori Sad brsakn de dcndcdvenkeeveenes 198/120 157/ 9 180/109 
pe ee eee ee ee Pere err ereery 206/129 171/108 190/120 
DO I I oie vrs n dregs cserccesccncecice 16/12 26/10 20/10 
Rise during cold pressor test.............--.sseeeeseee 21/18 35/21 27/20 
Urine concentration... ..........ss.eeeesecees <éneshea knead 1.024 1.0380 1.027 
Uren CLORPARUE, DOP CIE ii iis tec scccosscscecescscivovecees 80.4 104.6 91.4 
Nonprotein nitrogen, Mg./100 c¢..........0. 6... cc eeee wees 33.2 28.6 31.2 
Arterial; SUG WII k os bocce scccesccsconcesseese 1.248 0.9075 1.004 
Examination of the eyegrounds 
Keith- Wagener classification...............0..00e0eeee 7GroupIV 6Group III 
4Group UI 1GrouplIl 
2 normal 
sn er, Serine Med Per eee Terre SET eee TER Pe Retinitis,9 Spasm and sclerosis, 5 
Spasm, 2 Sclerosis, 1 


Retinitis, 1 
Normal, 2 





* Diodrast clearance. 
+ Inulin clearance. 


t FF, filtration fraction; it is given by the ratio between the clearance of inulin and 
the clearance of diodrast and represents the fraction of the plasma cleared by the glomeruli. 


hemorrhagic retinitis with exudates in all but 2 cases. Seven patients 
had edema of the optic disks; of these, 5 had the lowest values for renal 
blood flow, less than one-fourth the average normal value. It will be 
noted that all the patients of this group had at least one of the afore- 
mentioned severe symptoms. The ratio of the wall to the lumen of 
the arterioles of the intercostal tissue ranged between 0.601 and 2.007 
‘average, 1.248). 
The second group includes patients 12 to 20, who had a renal blood } 

flow of more than 549 cc. per minute. The filtration fraction aver- 
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aged 23.23 per cent; the tubular excretory mass averaged 32.85 mg. 
of iodine per minute. The blood pressure on admission to the hospital 
averaged 212 systolic and 134 diastolic, and it dropped to 157 systolic 
and 95 diastolic after rest in bed. All of these patients had a fluctu- 
ating type of blood pressure, had a drop in pressure after rest in bed 
and responded to different stimuli, such as abdominal diathermy, exer- 
cise, mental arithmetic and the cold pressor test. All of them had 
normal urea clearance, and 5 of them had normal power of urine con- 
centration. The nonprotein content of the blood nitrogen averaged 
28.6 mg. per hundred cubic centimeters. The changes in the eyegrounds 
were definitely less severe in this group. Examination showed normal 
fundi in 2 patients and hemorrhagic retinitis with exudates in 1 
patient only. Five patients had angiospasm and sclerosis of the retinal 
vessels. The ratio of the wall to the lumen of the arterioles in the biopsy 
material ranged between 0.567 and 1.367 (average, 0.9075). 

The results in tables 1 and 4 show a good correlation between 
effective renal blood flow, filtration fraction, condition of the eyegrounds, 
thickening of the wall of the systemic arterioles and, after rest in bed, 
blood pressure. As good a correlation cannot be made from a com- 
parison of these factors and urine concentration, urea clearance and 
the nonprotein nitrogen content of the blood except in the extreme 
cases. One would expect this to be the case, since blood pressure, con- 
dition of the eyegrounds, condition of the systemic arterioles and renal 
blood flow are all primary aspects of the vascular disease, whereas 
urine concentration, urea clearance and the nonprotein nitrogen in the 
blood are altered secondarily. 

We feel, therefore, that the measurement of renal blood flow and 
filtration fraction may prove to be valuable in determining the severity 
of hypertension. 

SUMMARY 

Effective renal blood flow, filtration rate and renal tubular excretory 
mass have been determined for 20 patients with hypertension and for 7 
nonhypertensive subjects. 

The results indicate that arterial hypertension in man is accom- 
panied by reduced renal blood flow, owing to increased resistance of 
the efferent glomerular vessels. However, they do not prove whether 
ischemia is a causal factor in hypertension or is simply one aspect of 
the systemic vascular disease. The relation between the function 
of the renal vessels and other clinical and morphologic observations 
is discussed. The latter include data on blood pressure, the condition 
of the eyegrounds, urine concentration, urea clearance, nonprotein nitro- 
gen content of the blood and ratio of the wall to the lumen of the 
arterioles of intercostal tissue obtained for biopsy. 
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[he patients are being studied approximately two weeks and six 
months after supradiaphragmatic splanchnicectomy and lower dorsal 
sympathetic ganglionectomy. The results of postoperative study will 
be reported in the future. 


Dr. R. H. Lyons and Dr. E. Tuitland, of William J. Seymour Hospital, 
Eloise, Mich., procured nonhypertensive subjects for this study; the Winthrop 
Chemical Co., Inc., provided a supply of diodrast, and Liebel-Flarsheim Co. lent us 
a short wave diathermy machine. 





USE OF ALPHA TOCOPHEROL IN THE TREATMENT 
OF NEUROMUSCULAR DISORDERS 


ALBERT J. LUBIN, M.D. 
SAN FRANCISCO 


On the basis of experimental paralyses produced in animals by Evans 
and Burr,’ Einarson and Ringsted? and others, vitamin E and alpha 
tocopherol, an alcohol isolated from wheat germ oil having apparentl\ 
all of the properties of the vitamin, have been rather widely advocated 
as therapeutic agents for a variety of diseases of the neuromuscular 
system, especially amyotrophic lateral sclerosis and progressive muscular 
dystrophy. The favorable clinical reports of Bicknell * and Wechsler * 
have been followed by those of Stone,’ Vilter, Aring and Spies,° and 
Rosenberger * and by a considerable body of literature distributed by 
various pharmaceutic companies and, indeed, by the lay press. However, 








From the Department of Medicine (Division of Neuropsychiatry), Stanford 
University School of Medicine. 

The synthetic alpha tocopherol was supplied by Merck & Co., Inc. and by 
Hoffmann-Laroche, Inc. through the cooperation of Dr. Herbert M. Evans, of the 
University of California. 

1. Evans, H. M., and Burr, G. O.: Development of Paralysis in the Suckling 
Young of Mothers Deprived of Vitamin E, J. Biol. Chem. 65:273-279 (Jan.) 1928 

2. Einarson, L., and Ringsted, A.: Effect of Chronic Vitamin E Deficiency 
on the Nervous System and the Skeletal Musculature in Adult Rats: A Neuro- 
tropic Factor in Wheat Germ Oil, London, Humphrey Milford, 1938. 

3. Bicknell, F.: Vitamin E in the Treatment of Muscular Dystrophies and 
Nervous Diseases, Lancet 1:10-13 (Jan. 6) 1940. 

4. Wechsler, I. S.: Recovery in Amyotrophic Lateral Sclerosis Treated with 
Tocopherols (Vitamin E): Preliminary Report, J. A. M. A. 114:948-950 (March 
16) 1940; The Treatment of Amyotrophic Lateral Sclerosis with Vitamin FE 
(Tocopherols), Am. J. M. Sc. 200:765-778 (Dec.) 1940. 

5. Stone, S.: Treatment of Muscular Dystrophies and Allied Conditions 
Preliminary Report on Use of Vitamin E (Wheat Germ Oil), J. A. M. A. 114: 
2187-2191 (June 1) 1940; Vitamin E in the Treatment of Muscle Disorders 
Infancy and Childhood, J]. Pediat. 18:310-316 (March) 1941. 

6. Vilter, R. W.; Aring, C. D., and Spies, T. D.: A Case of Arseni 
Peripheral Neuritis Treated with Synthetic Vitamin Bs and Alpha-Tocophero! 
J. A. M. A. 115:209 (July 20) 1940. Spies, T. D., and Vilter, R. W.: A Not 
on the Effect of Alpha-Tocopherol (Vitamin E) in Human Nutrition, South. M. 
33 : 663-664 (June) 1940. 

7. Rosenberger, A. I.: Observations on the Treatment of Amyotrophic Lateral 
Sclerosis (Leucopoliomyelopathy) with Vitamin E, J. Nerv. & Ment. Dis. 93:37 
(March) 1941. 
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the reports of others * make it clear that the efficacy of the therapy is 
- from proved. 

This report covers a group of 35 patients treated with large doses of 
synthetic alpha tocopherol, beginning May 1940. The purpose of the 
study was to follow the course of the patients as objectively as possible. 
An attempt was made to evaluate their status at frequent intervals, not 
only by recording the subjective impressions both of the patient and of 
the physician but by getting a quantitative measurement of progress. 
There is little objective information available regarding the course of 
untreated patients with amyotrophic lateral sclerosis, the muscular 
dystrophies and the muscular atrophies. The measurements made on 
this series of patients may therefore be of value not only in demon- 
strating the lack of effectiveness of alpha tocopherol in the treatment of 
these disorders but in providing an objective observation of the progress 
of these diseases. Such information may be of value as control data in 
any future investigation of therapeutic agents in this field. 


METHOD AND MATERIAL 


The following examinations were made: 

1. Muscular strength was measured by dynamometric methods, using the ordi- 
nary grip dynamometer and a spring balance for the larger muscle groups. All 
measurements were made in pounds. It should be emphasized that these measure- 
ments were all made by the same observer, which eliminated insofar as possible 
variations in technic. 

2. Electric examinations, employing galvanic and faradic currents and chronaxia 
measurements, were performed on a portion of the patients before the medication 
was begun and after as long a period as possible. These were made by Dr. W. H. 
Northway, of the division of physical therapy. 

3. Determinations of the creatinine and creatine output in twenty-four hour 
specimens of urine were made at frequent intervals in those patients, predomi 
nantly those with muscular dystrophies, whose creatine metabolism was measurably 
disturbed. Because of difficulty in regulating the diet, creatine tolerance tests 
were not feasible. 

The patients fell into four groups: (1) 7 with amyotrophic lateral sclerosis; 
(2) 9 with muscular dystrophy; (3) 5 with muscular atrophy of unknown cause, 
and (4) 14 with other diseases of the neuromuscular system. The duration of the 
treatment was from three days, when death ensued, to eleven months. Synthetic 
alpha tocopherol was administered orally in all cases and parenterally as well in 
most. In general the dosage employed was significantly higher than that men- 
tioned in any of the published reports. No additional vitamin therapy was used. 


8. Shelden, C. H.; Butt, H. R., and Woltman, H. W.: Vitamin E (Synthetic 
Alpha-Tocopherol) Therapy in Certain Neurologic Disorders, Proc. Staff Meet., 
Mayo Clin, 15:577-580 (Sept. 11) 1940. Doyle, A. M., and Merritt, H. H.: 
Vitamin Therapy of Diseases of the Neuromuscular Apparatus, Arch. Neurol. & 
Psychiat. 45:672-679 (April) 1941. Denker, P. G., and Scheinman, L.: Treat- 
ment of Amyotrophic Lateral Sclerosis with Vitamin E (Alpha-Tocopherol), 
J. A. M. A. 116:1893-1895 (April 26) 1941. Ferrebee, J. W.; Klingman, W. O., 
and Frantz, A. M.: Vitamin E and Vitamin Be, ibid. 116:1895-1896 (April 26) 
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RESULTS 


Group 1. Amyotrophic Lateral Sclerosis—Cast 1—A 42 year old man 
plained of generalized weakness and dysarthria of six months’ duration. T} 
were weakness of all muscle groups, especially of the intrinsic muscles of the 
hands, and moderate spasticity of the muscles of the legs. Atrophy of the small 
muscles of the hand and fibrillary twitches in the muscles of both upper extremi- 
ties, the shoulder girdle and the tongue were observed. All deep reflexes were 
hyperactive. The Hoffmann reflex was positive bilaterally, and unsustained bilateral 
patellar and ankle clonus were present. 

Treatment: The patient received 300 mg. of alpha tocopherol daily by mouth; 
in addition he was given 400 mg. intramuscularly daily for three weeks, then 
400 mg. intramuscularly at bimonthly and monthly intervals for seven months. 

Results: Subjectively he felt some improvement during the first month; even 
now (June 1941) he appears hopeful. Objectively he has become progressively 
worse. Muscle tests show decreasing strength; marked jaw clonus has appeared, 
and dysarthria and dysphagia are severe. Main en griffe deformities are appearing 
in the hands. Chronaxia readings show that the interosseous muscles of both hands 
are definitely less excitable to electric stimulation than before the therapy was begun. 


Chronaxia Measurements, Sigmas (1 Sigma = 0.001 Second) 


Dorsal 
Interosseus 
Hand Muscle dct. 10, 1940 May 10, 1941 
Right 4.0 8.0 
04 8.0 
0.4 2.0 
0.8 
8.0 
No contracture 
No contracture 
8.0 


Excretion of Creatinine and Creatine 
Creatinine, Gm./24 Hr. Creatine, Gm./24 Hr. 


1.52 None 
1.50 0.030 


Oct. 10, 
7 
i 


May 10, 


Case 2—A 57 year old man complained of progressive weakness of the hands 
and arms and cramps in the legs of one year’s duration. Examination revealed 
a global atrophy of the intrinsic muscles of the hands and moderate atrophy of 
the muscles of the arms, forearms and shoulder girdle. Fibrillary twitches were 
present in the arms and calves. The tendon reflexes were hyperactive; sustained 
ankle clonus was present on the left side and unsustained ankle clonus on the 
right side; moderate spasticity of the legs was present. 

Treatment: For four months he received 100 mg. of alpha tocopherol intra- 
muscularly every week and 50 mg. orally every day. During the succeeding six 
months he had no therapy. For one month he then was given 250 mg. orally 
each day. 

Results: He now (May 1941) expresses the belief that he has become pro- 
gressively worse since the institution of the therapy. The results of neurologic 
examination are essentially the same except that the Hoffmann sign is now posi- 
tive on the right side and there has been some increase in the atrophy. During 





LUBIN—NEUROMUSCULAR DISORDERS 





: 


8 8 8 * 


nr 
°o 


POUNDS STRENGTH ~ AVERAGE LEFT @ RIGHT SIDES 








Alphe- 
tocopheroi 
| 
°3888 














Fig. 1 (group 1, case 1).—A 42 year old man. His strength became pro- 
gressively weaker after the institution of therapy with alpha tocopherol. 
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Fig. 2 (group 1, case 2)—A 57 year old man. The muscle measurements 
remained almost stationary independent of the administration of alpha tocopherol. 
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the six months in which he was taking no alpha tocopherol his muscular stre: 
remained about stationary. 


Case 3.—A 59 year old man complained of progressive generalized weakness, 
clumsiness and stiffness of the hands, dysphagia and dysarthria of at least four 
months’ duration. Examination showed generalized atrophy, especially in the hands, 
weakness of the facial muscles and fibrillations over the entire body and in the 
tongue. The tendon reflexes were all quite active, but no pathologic reflexes 
were present. There was definite mental deterioration. 

Treatment and Results: For three days he was given 50 mg. of alpha tocopherol 
orally and 100 mg. intramuscularly. He died on the fourth day after the medi- 
cation was started. 


Case 4—A 52 year old woman had noted cramplike pains in the thighs and 
calves for about three years. These were followed by difficulty in walking. Six 
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Fig. 3 (group 1, case 5)—A 40 year old man. He improved greatly during 
the administration of alpha tocopherol; the improvement was sustained when 
placebos were administered. 


months previously she had begun to notice weakness of the arms. Examination 
showed generalized muscular weakness; extensive fibrillary twitchings in the 
tongue, shoulder girdle, arms and thighs; dysphagia and dysarthria and wasting 
of the interosseus spaces and of the thenar eminences. The tendon reflexes were 
definitely hyperactive, although no pathologic reflexes were elicited. 

Treatment and Results: She received 100 mg. of alpha tocopherol intramus- 
cularly three times a week and 50 mg. orally every day from May 21 until 
Sept. 1, 1940, when she entered the hospital unable to speak and breathing with 
difficulty. She died several hours later. Autopsy revealed typical changes of 
amyotrophic lateral sclerosis with involvement of the motor nuclei of the bulb. 


Case 5.—A 40 year old man had noted weakness and an “itching” sensation 
in the left arm after an attack of swelling in that arm two years previously. 
Examination revealed that wasting of the arm and shoulder girdle and some 
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ei! 


positive bilaterally, and the tendon reflexes were quite active in the arms. No 
other pathologic reflexes were present. The legs were normal. A positive Wasser- 
mann reaction of the blood was discovered when his arm became swollen, and 
he has received intermittent antisyphilitic therapy (bismuth and arsenic com- 
pounds) since that time. In November 1939 his blood gave a 3 plus Wassermann 
reaction; in July 1940 the reaction had become negative. An examination of the 
spinal fluid in November 1938 yielded nothing abnormal. The diagnosis of amyo- 
trophic lateral sclerosis was, of course, tenuous in this case because of the history 
of syphilis and because of the atypical clinical picture. However, it was felt that 
this was a possibility because of the downhill course of the patient's illness in spite 
of therapy with heavy metal compounds. 

Treatment: He was given 50 mg. of alpha tocopherol orally each day and 
100 mg. intramuscularly each week for four months, then 250 mg. orally every 
day and 400 mg. intramuscularly every week for one and a half months. During 
the five months since that time he has received both oral and parenteral placebos. 
He has also received either a bismuth preparation or neoarsphenamine during the 
entire eleven months. 

Results: There has been marked improvement since the institution of the 
therapy. The fibrillations have disappeared; he is less clumsy, and dynamometric 
readings have shown a definite increase. The increase in the dosage of the alpha 
tocopherol and subsequently the use of placebos had no effect on the course of 
his illness. The Hoffmann reflexes have remained. 


fbrillary twitches were present on the left side. The Hoffmann reflex was 


Excretion of Creatinine and Creatine 
Creatinine, Gm./24 Hr. Creatine, Gm./24 Hr. 

June 13, 1940 emahe 1.500 0.188 

Medication started 
August 29 0.936 0.038 
September 30 .. 0.860 0.159 
October 15 .. Placebos started 
Feb. 27, 1941 1.160 0.000 
April 15 . 1.118 0.047 


Case 6.—A 66 year old man had noted during the preceding five months that 
his right arm and hand were becoming weak and wasted and during the past 
week that his right leg was also weak. Atrophy was present at numerous sites 
bilaterally but was most marked in the interosseous muscles and the thenar and 
hypothenar eminences of the right hand, in the triceps muscle and in the supra- 
scapular and subscapular groups of muscles on the right side. Fibrillary twitch- 
ings were present throughout the body, including the tongue. The muscles of 
the right leg were spastic. The deep reflexes were al! hyperactive. The Babinski 
reflex was positive on the right side, and the Chaddock reflex was positive on the 
left side. The Hoffmann reflex was positive bilaterally. 

Treatment: He has been given alpha tocopherol for eleven months. During 
the first four months he received 100 mg. intramuscularly three times weekly 
and 50 mg. orally every day. Since that time he has received 400 mg. intra- 
muscularly three times weekly and 250 mg. orally each day. 

Results: Unfortunately it was not possible to follow this patient with quan- 
titative muscle measurements. However, it is evident to all, including his family, 
that he has become worse. There is considerable increase in his weakness, and 
severe dysarthria and dysphagia are present. 
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Case 7.—A 48 year old woman complained of progressive weakness of ty 
left arm and hand following an attack of influenza six weeks previously; she al. 
noted that the muscles “jumped.” In addition, she had had progressively more 
difficulty in speaking and occasional trouble in breathing. Generalized weakness 
was present. Atrophy and occasional fibrillations were seen in both hands, espe- 
cially the left. There were moderate dysarthria and fibrillations of the tongue 
The tendon reflexes were all active, and the left knee jerk was greater than the 
right. The Babinski, Oppenheim and Gordon reflexes were positive on the left side. 

Treatment: She was given 250 mg. of alpha tocopherol orally and 400 mg. 
intramuscularly every day for the first eleven days. During the past fourteen weeks 
she received 300 mg. orally every day and had three 400 mg. injections. 

Results: She stated after the first week of therapy that “all the weakness jis 
going away.” On recent visits to the clinic, however, she has become discouraged 
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Fig. 4 (group 1, case 7)—A 48 year old woman. Her condition became 
progressively worse. She received three 400 mg. injections of alpha tocopherol 
during March, April and May in addition to the 300 mg. oral daily dose indicated 
in the chart. 


and expressed the belief that she is much worse; this is verified by measure- 
ments of muscle strength. Her weakness, dysarthria, dysphagia and dyspnea have 
increased. Chronaxia measurements made on May 8, 1941, are the same as those 
made on February 12, except that responses could no longer be obtained from the 
second, third and fourth dorsal interosseous muscles and the abductor minimi 
digiti on the left side. 
Excretion of Creatinine and Creatine 
Creatinine, Gm./24 Hr. Creatine, Gm./24 Hr. 


PRE; GE eho xc we xnaaeeun eX 0.708 0.027 
RN ils Oh ic a gtt eet 0.745 0.048 
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Summary: Six patients with the classic form of amyotrophic lateral 
lerosis were treated ; in all of them the Aren-Duchenne type of atrophy 
the small muscles of the hand was present, in addition to signs of 
nvolvement of the pyramidal tract both in the upper and in the lower 
extremities and fibrillations. The illness of all of these patients has 
‘aken a progressive downhill course: Two have died; 3 are in a critical 
condition, and 1 is definitely worse than prior to the institution of the 
therapy. One other patient (case 5), whose condition was diagnosed 
as possible amyotrophic lateral sclerosis in the presence of a positive 
\Wassermann reaction of the blood and an atypical clinical picture, was 
markedly improved after treatment with both alpha tocopherol and 
heavy metal compounds. This improvement continued unabated during 
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Fig. 5 (group 2, case 1)—An 18 year old woman. No change was noted in 
her condition. The vertical lines represent creatine excretion. 


a five month period in which placebos were substituted for the vitamin, 
and therefore it could not be attributed to the alpha tocopherol. 


Group 2. Muscular Dystrophy.—Cast 1—An 18 year old woman had noted 
weakness, waddling and difficulty in climbing since early childhood. Her condition 
appeared to be a typical example of the pseudohypertrophic type of muscular 
dystrophy, with large, rounded calves. The deep reflexes were hypoactive or absent. 

Treatment: Alpha tocopherol in daily oral doses of 50 mg. and weekly intra- 
muscular doses of 100 mg. was given for two months. The patient received no 
medication during the following two months. She then was given 250 mg. of the 
vitamin orally each day and 100 mg. intramuscularly every week for seven 
months, 

Results: She expresses the belief that she has felt stronger since beginning 
the therapy. Her gait, however, appears the same as formerly, and muscle 
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measurements remain essentially constant. The abnormality in muscle metab 
lism as shown by the excretion of creatinine and creatine remains the same. 


Excretion of Creatinine and Creatine 
Creatinine, Gm./24 Hr. Creatine, Gm./24 H: 




















July 2, 1935 wre he 0.503 0.284 
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August 14 . re we Medication stopped 
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Fig. 6 (group 2, case 2)—A 50 year old man. No change was noted in his 
condition. The dynamometric measurements of 1932 were almost identical with 
those of 1940-1941. The variations in creatine excretion, commonly seen, were 
due to changes in diet, etc., and showed no uniform trend. 


Cast 2—A 50 year old man complained of weakness which had been present 
since he was 15 years old, most marked in the thighs. He had a typical dystrophic 
gait and stance. Marked weakness of all muscle groups was present, and all of 
the deep reflexes were absent. 

Treatment: He received 50 mg. of alpha tocopherol orally every day and 
100 mg. intramuscularly twice a week for four and a half months and then 250 
mg. orally every day for seven months. 

Results: He is optimistic and feels that he is improving; this same optimism 
has been present with numerous other types of medication, including sterile 
solution of sodium chloride, given since 1932. His condition remains stationary 
as judged by objective methods. 








own 
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Excretion of Creatinine and Creatine 
Creatinine, Gm./24 Hr. Creatine, Gm./24 Hr. 


June 8, 1940.............eeeees 0.529 0.124 
ie A sw hae Ras eks he oss ee Medication started 

ibe sir tn es 0.814 0.378 
Sen TO wine sad cea vax s 2s 0.552 0.117 
Octet Den diet ias expends 0.611 0.285 
Marth 26, 1980. ccs. 0055s. 0.568 0.109 
May 6 eaeatee na eees <ds 1.060 0.120 





Case 3—A 6 year old boy complained of trouble in walking and weakness of 
several years’ duration. The most marked weakness was in the muscles of the 
shoulder girdle, trunk and thighs. There was a lumbar lordosis. The ankle 
jerks were the only deep reflexes elicited. 
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Fig. 7 (group 2, case 4)—A 53 year old man. A progressive increase in 
strength was noted during the first six months of therapy with alpha tocopherol, 
but during the last six months his condition became stationary and a waddling gait 
remained. Creatine excretion remained abnormal even during clinical improvement. 
It was felt that this improvement preceded the administration of the vitamin, 
but no measurements were taken at this time. 


Treatment: He was given 100 mg. of alpha tocopherol intramuscularly three 
times a week and 50 mg. orally every day for six months. 

Results: Although it was impossible to obtain his cooperation in performing 
quantitative muscle tests or collecting specimens of urine for studies of the excre- 
tion of creatinine and creatine, it was felt that he was somewhat worse after 
receiving the medication. 


Case 4.—A 53 year old man noted weakness of the arms, difficulty in walking 
and loss of 12 pounds (5.4 Kg.) in weight during the preceding one and a half 
years. His gait was waddling, and he was unable to arise from a chair without 
assistance. During the month preceding medication with alpha tocopherol it was 
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noted both by the patient and by his physician that his gait was improving, his 
strength seemed to be increasing and he was able to arise from a chair without 
assistance. 

Treatment: He was given 50 mg. of alpha tocopherol orally every day and 
100 mg. intramuscularly three times weekly for four and a half months, 250 meg 
orally every day and 400 mg. intramuscularly three times a week for four months 
and 250 mg. orally each day for two and a half months. 

Results: Definite improvement was noted during the first six months after 
the medication was begun; no improvement was noted during the last six months, 
The patient expresses the belief that the rate of improvement was not increased 
after he started to take the medicine, although no muscle measurements were taken 
during the period prior to medication. A rather marked waddling gait still remains 
The excretion of creatinine and creatine also remains as abnormal as ever. 
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Fig. 8 (group 2, case 5)—A 17 year old youth. No change was noted in his 
condition. 
Excretion of Creatinine and Creatine 
Creatinine,Gm./24Hr. Creatine, Gm./24 Hr. 


SS 2 a ee 1.16 0.00 
TK A eee ee 0.947 0.359 
June 13 . Stn aw ees Medication started 
oy, Ee eee ; 0.997 0.225 
August 6 .... aac mes 1.078 0.322 
© Ee ee ae 0.822 0.313 
November 22 ye 0.918 0.278 
NS Se er 0.999 0.135 
PU ED ick eta mivsie sae sna 1.020 0.076 
ey ee eee ee 0.612 0.612 
REE eines vine Lawes 1.048 0.223 


Case 5—A 17 year old boy complained of weakness of about twelve years’ 
duration, progressive until five years ago. He had a half-brother with a similar 














LUBIN—NEUROMUSCULAR DISORDERS 847 


isorder. His entire musculature was wasted, and he was unable to stand. His 
cep reflexes were absent; there were no fibrillations. 

Treatment: He was given 50 mg. of alpha tocopherol orally every day and 
100 mg. intramuscularly once every two weeks for four months. 

Results: No change has been observed in his condition except that he expresses 
the belief that he has more “pep.” 












Case 6.—A 35 year old man stated that generalized weakness and difficulty in 
walking had appeared during the preceding seven years. He was thin and rather 
wasted, with a waddling gait. His biceps and some of the muscles of his leg, 
especially his anterior tibial muscles, were atrophic. The deep reflexes were difficult 
to elicit. 

Treatment: He received 250 mg. of alpha tocopherol orally every day and 400 
mg. intramuscularly every week for six months. 
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Fig. 9 (group 2, case 6).—A 35 year old man. No change was noted in his 
condition. 


Results: While his gait and muscular strength appeared the same to the 
examiner, the patient expresses the belief that his arms are stronger and that he 
stumbles less than he did prior to the medication. This testimony is controverted 
by the measurements of muscle strength, the continued appearance of large amounts 
of creatine in the urine and the electric reactions, which did not change during 
medication. 
Excretion of Creatinine and Creatine 

Creatinine, Gm./24 Hr. Creatine, Gm./24 Hr. 


JE ee hs Seas pis els p36 0.866 0.067 
PRU Te va ie Kaview syd eain'es 0.494 0.174 
PO a Sia reads 6 eo 5a: «3.9 9,9 Medication started 

od re rere 0.548 0.355 
Je 0.488 0.262 


8 EO OPE EP OEE TET 0.372 0.257 
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Case 7.—A 31 year old man had difficulty in climbing which he had first noted 
about thirteen years ago. He had gradually become weaker since that time. [{e 
was able to rise from a chair with difficulty. He stated that his muscles increased 
in size during the first years of his illness but that recently they became smaller 
His gait was waddling; lumbar lordosis was present, and the deep reflexes were 
absent. He has a brother with the same difficulty. 

Treatment: He received 250 mg. of alpha tocopherol orally every day and 200 
mg. intramuscularly every week for four months. 

Results: He states that he “may” be a little stronger. To the observer, how- 
ever, his gait and strength are apparently unchanged. 
















Excretion of Creatinine and Creatine 
Creatinine, Gm./24 Hr. Creatine, Gm./24 Hr. 


PE. esearch slice natentbs 0.810 0.470 
PRED levees socae cad seed ee Medication started 

OS See aes eee 0.949 0.110 
MME x k's cise ban eee dels ce ciin 0.752 0.024 
on es Pe Oe oe 0.744 0.217 
MED ea cicu ish canedecaes 0.432 0.196 


Case 8.—A 31 year old man had noted since the age of 10 that he could not run 
as well as his classmates. During the past three years the difficulty had become so 
much more marked that he could climb stairs only with great effort. His gait was 
not greatly impaired ; however, there was a mild but definite waddle. Atrophy was 
not present. 

Treatment: He received 250 mg. of alpha tocopherol orally every day and 
400 mg. intramuscularly every week for six months. 

Results: The patient can detect no difference in his strength or gait. Muscle 
measurements made on May 10, 1941, compared with those made on Nov. 9, 1940, 
showed a mild decrease in strength. 


Excretion of Creatinine and Creatine 
Creatinine, Gm./24 Hr. Creatine, Gm./24 Hr. 


Se OS os sp ae iewoe ee 0.665 0.093 
PE cc cxsinn > oc wun Medication started 
ee | ne eee ee 0.890 0.089 


Case 9.—A 9 year old boy complained of progressive difficulty in walking oi 
four years’ duration and presented the typical picture of pseudohypertrophic mus- 
cular dystrophy, with a waddling gait, generalized weakness, iumbar lordosis and 
well rounded muscles of the calves. He had been treated during the preceding 
five months with one teaspoon of wheat germ oil daily, and his parents felt that 
he was getting worse during this period. 

Treatment: He received 250 mg. of alpha tocopherol orally every day for 
four weeks. 

Results: To date there has been no significant change in measurements of 
muscle strength. 

Excretion of Creatinine and Creatine 


Creatinine, Gm./24Hr. Creatine, Gm./24 Hr. 


PE GINy BON voce ecsans cwpen's 0.298 0.450 
ee ee ee Medication started 
ON Se rere re 0.198 0.293 


Re kuch nex es wea ube kans 0.220 0.292 
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Summary: Eight patients with muscular dystrophy were treated 
vith alpha tocopherol for an average of seven and three-tenths months. 
One other patient (case 9) was observed for only four weeks; he had, 
however, received wheat germ oil for five months previously, with con- 
tinued progress of the disease. Only 1 patient showed definite objective 
improvement (case 4), and he was a man whose illness began at the 
age of 51, an unusually late onset. This improvement, which was only 
moderate in degree, definitely began before the therapy was started 
and continued only during the early part of it. In no case, including 
this one, did the abnormal muscle metabolism, as measured by determi- 
nation of the excretion of creatinine and creatine in the urine, revert to 


normal. 
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Fig. 10 (group 3, case 1)—A 60 year old woman. There was no change in 
her condition except for the apparent increase in the strength of her grip. The 
variation in the dynamometric readings before the administration of the vitamin E 
should be noted. 





Group 3. Muscular Atrophies—Case 1—A 60 year old woman complained of 
gradually progressing weakness, most marked in the hands, of one and a half 
years’ duration. There was marked atrophy of all of the intrinsic musculature 
of both hands, and a few fibrillary twitches were seen in the muscles of the 
forearms and hands. All deep reflexes were absent except the knee jerks. 
Treatment: She received 250 mg. of alpha tocopherol orally every day and 
400 mg. intramuscularly every week for four months. 

Results: She expresses the belief that she has improved “a little.’ Muscle 
measurements have remained essentially constant except for a slight increase in 
the strength of the grip on the left side. 


Case 2—A 57 year old man had noticed weakness of the right hand of one 
year's duration; more recently moderate weakness of the left hand has appeared. 
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Global atrophy of the musculature of both hands was noted, most marked on t! 
left side. Fibrillary twitches were observed in the interosseous muscles and i: 


the muscles of the forearm. 
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Fig. 11 (group 3, case 2)——A 57 year old man. No change was noted in his 


condition. 
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Fig. 12 (group 3, case 3).—A 42 year old man. Marked improvement in his 
condition was noted. However, the initial rise in strength (from 42 to 72 pounds 
[19.1 to 32.7 Kg.]) preceded the administration of alpha tocopherol, and the 
improvement continued after its cessation. 





LUBIN—NEUROMUSCULAR DISORDERS 851 











































Treatment: He received 250 mg. of alpha tocopherol daily by mouth and 
) mg. intramuscularly every week for four months. 

Results: Measurements of the strength of his grip show no appreciable change. 
ibrillations, if anything, are more numerous than before. Chronaxia readings 
ide on Feb. 18 and April 24, 1941, were essentially the same; both first dorsal 
nterosseous muscles had a prolonged stimulation time. 


Case 3—A 42 year old man had noted a gradually progressing atrophy of the 
intrinsic muscles of the right hand and inability to abduct the right fifth finger 
since he had bruised the palm of his right hand four months previously. No 
atrophy was discernible on the left side. All types of sensation were normal. 
The deep tendon reflexes were active. A two week period of observation prior 
to the administration of the vitamin revealed an increase in strength during this 
time. 

Treatment: A dose of 100 mg. of alpha tocopherol was administered daily 
for two months. 

Results: The improvement continued, and finer movements of the hands were 
performed better than previously. After the medication was stopped the improve- 
ment continued, so that after five months without any therapy the atrophy had 
largely disappeared and the patient's hand seemed about normal. Electric reac- 
tions of the dorsal and volar interosseous muscles, the abductor minimi digiti 
quinti and the first and second lumbrical muscles, which had shown a partial 
reaction of degeneration on Aug. 26, 1940, were normal on April 21, 1941. The 
adductor pollicis did not respond to the faradic current at the time of either 
examination. 


Case 4.—A 54 year old man complained of slowly progressive weakness, espe- 
cially noted in the legs, that had begun at least ten years previously. Generalized 
wasting of the legs was present; there was bilateral foot drop, which was worse 
on the left side. No fibrillations were seen. The knee and ankle jerks were 
absent. 
Treatment: He was given 50 mg. of alpha tocopherol orally every day and 
100 mg. intramuscularly every week for five months and 250 mg. orally every 
day and 400 mg. intramuscularly every week for six months. 
Results: The patient states that his “general condition” is better, but the dyna- 
mometric readings show that his strength has remained constant. He has also 
continued to excrete rather large amounts of creatine in his urine. Electric 
examinations on May 14, 1940, and April 21, 1941, revealed no change except 
that the extensor digitorum longus, which had responded both to faradic and to 
galvanic current at the first examination, failed to respond to either during the 
latter one. 
Excretion of Creatinine and Creatine 

Creatinine, Gm./24 Hr. Creatine, Gm./24 Hr. 
J, eases cus «keke 0.894 0.073 
JUNE AR, wea einaets isc toe vw Medication started 
SUE bs Saar eew ee ete 5 1.030 0.183 
PURO Ch cei xn cis ekess 1.070 0.434 
OEM ye ica eles ein siec Swit 3.0 1.210 0.141 
a ne a eee 1.308 0.097 
fe ae. 1.20 0.337 
Fag leat Gira sb aa Sa ae 0.807 0.271 
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Case 5.—A 48 year old man complained of progressive weakness and wasting 
of the left hand of two years’ duration. There were marked atrophy of 
first dorsal interosseous muscle and moderate atrophy of the other inteross¢ 
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Fig. 13 (group 3, case 4)—A 54 year old man. No change was noted in his 


condition. 
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Fig. 14 (group 3, case 5)—A 48 year old man. Definite improvement was 
noted during the administration of the vitamin; the improvement continued after 
it was stopped. 


muscles on the left side. Questionable atrophy of the muscles of the right hand 
was noted. There were no sensory changes, although the patient complained o! 
numbness of the left hand. No fibrillations were seen; the deep reflexes wer: 
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sent. He drank a considerable amount of alcohol and was a poor eater when 
rst seen, and it was felt that alcohol, avitaminosis and possibly lead may have 


freatment: He received 50 mg. of alpha tocopherol orally every day and 

mg. intramuscularly every week for four and a half months and 250 mg. 
orally every day and 400 mg. intramuscularly every week for one and a half 
months; no alpha tocopherol therapy was given during the past five months. 

Results: There was definite improvement in strength during therapy; this 
improvement has continued during the six months since the therapy was stopped. 
At present only a mild degree of atrophy is noted in the first dorsal interosseus 
muscle on the left side. All electric reactions are normal, in contrast to a partial 
reaction of degeneration which was present in the first dorsal interosseus muscle 
and the second lumbrical muscle on the left side and in the volar interosseous 
muscles on both sides. 


Summary: Five patients with muscular atrophy of unknown origin 
were treated from two to eleven months, for an average of five months. 
Definite improvement was-noted in 2 of them (cases 3 and 5). In the 
first of these the atrophy was restricted to one hand and, curiously 
enough, began after local trauma. Improvement probably began pre- 
ceding the treatment and continued five months after it was discon- 
tinued. In the other case the possible etiologic relation of alcohol, 
avitaminosis and lead was questioned before the therapy was started; 
further improvement was noted for more than five months after its 
discontinuance. The other 3 patients did not improve. 

Case 4 is unusual in that large amounts of creatine (from 0.097 to 
0.434 Gm. per twenty-four hours) were excreted. In my experience 
excretion of more than 0.100 Gm. per twenty-four hours is uncommon in 
the spinal amyotrophies in contrast to its frequent occurrence in the 
muscular dystrophies. Perhaps the condition in this case is related to 
the latter ones, although the distal type of myopathy (Gowers) is a 
rare and often questioned type of dystrophy. 

Group 4. Other Diseases of the Neuromuscular System.—The fol- 
lowing other diseases were treated with alpha tocopherol: multiple 
sclerosis (4 cases), syphilitic amyotrophy (1 case in which the classic 
picture of amyotrophic lateral sclerosis was presented and 1 case of 
rapidly progressing bulbar palsy with widespread atrophy and fibrilla- 
tions), posterolateral sclerosis of unknown origin (2 cases), amyotonia 
congenita (1 case), myotonia dystrophica (1 case), “lateral sclerosis” 
(7) (1 case), atrophy probably following poliomyelitis (1 case), fibril- 
lations and weakness in a debilitated woman and fibrillations and weak- 
ness in the hands of a woman with rheumatoid arthritis. 

In all of the cases of multiple sclerosis the patients exhibited both 
remissions and subsequent exacerbations during the course of treatment. 
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One of the patients with syphilitic amyotrophy did not improve with 
combined alpha tocopherol and antisyphilitic therapy; the other died, 
and autopsy revealed the pathologic changes characteristic of syphilitic 
meningomyelitis. In all of the other cases the condition remained 
stationary during the period of therapy. 


COMMENT 


No patient with amyotrophic lateral sclerosis, muscular dystrophy, 
muscular atrophy or other neuromuscular disease showed any definite 
improvement, as measured mechanically, electrically or chemically, that 
could be directly attributed to the use of large amounts of alpha 
tocopherol. While it is true that 4 of the 35 patients did recover more 
or less function, these improvements either preceded the medication or 
were sustained when placebos were given or when medication was 
withheld. Many of the patients who showed no objective improvement, 
it should be noted, stated during some part of the treatment period that 
they considered themselves to be benefited. Such statements could easily 
be interpreted as significant if quantitative methods were not employed 
in measuring muscle strength. 

While Bicknell, Wechsler and Stone used the vitamin B complex 
and either whole wheat germ or wheat germ oil as a supplementary 
agent, it is difficult to believe that this alone is responsible for the 
divergence of results, inasmuch as most of the present group were on 
entirely adequate diets. 

Of interest is the fact that 10, or 50 per cent, of the patients in the 
20 cases classified by Wechsler as instances of amyotrophic lateral 
sclerosis were women and that 5 of the 6 patients said to be markedly 
improved or recovered were women in the “premenopausal” age group. 
This is in marked contrast to the experience of others, who have noted 
that amyotrophic lateral sclerosis occurs at least four times as frequently 
in men as in women (according to Wilson,® the patients were women in 
59 of 72 cases reported by Dana and in 84 of 99 cases reported by 
Roberts). Such a distribution makes it seem reasonable to question 
whether the conditions in the cases reported by Wechsler were similar 
to those ordinarily classed as amyotrophic lateral sclerosis. 

The reported improvements are particularly difficult to explain in 
view of the observation of Einarson and Ringsted? that the paretic 
condition in rats, which they asserted was comparable to amyotrophic 
lateral sclerosis, was not “cured” but that the animals merely did not 
become worse. So even if one admits the similarity of the disorders, 
the improvement is still not explainable except that it is due to the 
suggestive effect of a new therapeutic agent. The explanation of how 
deficiency of a single vitamin could be responsible for such different 


9. Wilson, S. A. K.: Neurology, Baltimore, Williams & Wilkins Company, 
1940, p. 1008. 
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nical entities as muscular dystrophy, on the one hand, and amyo- 
trophic lateral sclerosis, on the other, is also obscure. 

Studies of the excretion of creatinine and creatine in the urine were 
made on 11 patients having an abnormal output. It was demonstrated 
that the administration of alpha tocopherol did not effect the excretion 
of these substances, confirming the work of Fleischmann,'® who was 
unable to influence the output in 2 cases of dystrophy and 1 case of 
amyotonia congenita in which the vitamin was administered. This is 
in striking contrast to the report of MacKenzie and McCollum,*? who 
showed that the creatine excreted in the urine of rabbits on a vitamin E 
deficient diet rose from less than 10 mg. daily to an average of 80 mg. 
daily during the occurrence of severe dystrophy and that the increased 
creatine output fell to a normal level within a few days after vitamin 
therapy was instituted. This suggests, as Fleischmann pointed out, “a 
fundamental difference between nutritional muscular dystrophy in rab- 
bits and progressive muscular dystrophy, amyotonia congenita and 
similar neuromuscular disturbances in human beings.” 


SUM MARY 


A group of 35 patients with various disorders of the neuromuscular 
system were treated with large doses of alpha tocopherol. This group 
consisted of (1) 7 patients with amyotrophic lateral sclerosis, (2) 9 
patients with muscular dystrophy, (3) 5 patients with muscular atrophy 
of unknown origin and (4) 14 patients with other diseases of the neuro- 
muscular system. 

Most of the patients were followed at intervals by (1) measure- 
ments of muscular strength by dynamometric methods, (2) electric 
examinations and (3) measurements of the creatinine and creatine 
output in the urine. 

The conditions of 31 patients remained stationary or became worse 
during the period of medication. It was shown for the remaining 4 
patients, who improved in varying degrees, that the alpha tocopherol 
probably was in no way responsible for the improvement. 

In view of the lack of response to the alpha tocopherol, the repeated 
observations of muscular strength, electric reactions and excretion of 
creatinine and creatine may constitute useful data concerning the course 
of the diseases studied. 


Drs. Arthur L. Bloomfield and Henry W. Newman contributed advice during the 
course of the study and the preparation of the paper. 


10. Fleischmann, W.: Creatine-Creatinine Excretion in Neuromuscular Disease 
Treated with Alpha-Tocopherol and with Testosterone, Proc. Soc. Exper. Biol. & 
Med. 46:94-97 (Jan.) 1941. 

11. MacKenzie, C. G., and McCollum, E. V.: The Cure of Nutritional Mus- 
cular Dystrophy in the Rabbit by Alpha-Tocopherol and Its Effect on Creatine 
Metabolism, J. Nutrition 19:345-362 (April) 1940. 
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To remain informed of medical progress in the face of restrictions 
of time and facilities imposed by the exigencies of war becomes increas- 
ingly difficult for many physicians. We believe that it is the function 
of a review of current literature to contribute to the correction of this 
deficiency, and in recognizing the responsibility entailed we are decidedly 
aware of our shortcomings. This year an attempt has been made to 
enlarge the scope of the review, but whatever has been gained in com- 
prehensiveness has required some sacrifice of completeness. For omis- 
sions both of intent and of oversight we sincerely apologize. 

It is hoped that the innovation of a table of contents will increase 
the accessibility of the material, but it should be remembered that many 
of the topics considered are not sharply differentiated and that various 
aspects of a subject may be discussed under several headings. 


CONTENTS 
Pernicious Anemia and Related Macrocytic Anemias 
Etiology 
Changes in the Bone Marrow 
Role of the Stomach in the Causation of Pernicious Anemia 
Experimental Production of Pernicious Anemia 
Relation of Diphyllobothrium Infection to Pernicious Anemia 
Studies on the Active Principle of Liver 
Relation Between Pernicious Anemia and Other Diseases 
Other Observations Relating to the Etiology of Pernicious Anemia 
Treatment of Pernicious Anemia 
Changes in the Nervous System in Pernicious Anemia 
Sensitivity to Liver Extract 
Miscellaneous Observations Concerning Pernicious Anemia 


From the Thomas Henry Simpson Memorial Institute for Medical Research, 


University of Michigan. 
856 








BETHELL ET AL—BLOOD 857 


chromic Anemias 

Hypochromic and Microcytic Anemia in Adults 
Hemopoiesis and Nutritional Anemia in Children 
Anemia in Pregnancy 

Iron Metabolism and Experimental Anemia 

Hemolytic and Erythroblastic Anemias 

Acquired and Congenital Hemolytic Jaundice 

Hemolytic Anemia Produced by Sulfanilamide and Its Derivatives 
Erythroblastosis Foetalis and Icterus Gravis Neonatorum 
Sickle Cell Anemia 

Erythroblastic (Cooley’s) Anemia 

\plastic and Refractory Anemias 

Granulocytopenia and Agranulocytosis 





Infectious Mononucleosis 
Lymphomatoid Diseases, Leukemia and Related Disorders 
Hodgkin's Disease 
Lymphosarcoma 
Leukemia 
Polycythemia 
Radioactive Phosphorus 
Myeloma 
Bone Marrow 
Splenic Disorders 
Banti’s Syndrome 
Gaucher’s Disease 
Niemann-Pick Disease 
Hemorrhagic Disorders and Blood Coagulation 
General Observations 
Essential Thrombopenic Purpura 
Secondary Thrombopenic Purpura 
Nonthrombopenic Purpura 
Hemophilia 
Hereditary Hemorrhagic Telangiectasia 
Hemostasis and Coagulants 
Heparin 
Dicoumarin 
Prothrombin and Vitamin K 
Pregnancy and the Neonatal Period 
Obstructive Jaundice and Hepatic Disease 
Miscellaneous Disorders 
Substances Possessing Vitamin K Activity 
Substances Possessing Thromboplastic Activity 
Miscellaneous Observations 
Blood Changes Associated with Various Disorders 
Infection 
Endocrine Dyscrasias 
Endocrine Dyscrasias 
Malignant Growths 
Chemical Intoxication 
Methods and Miscellaneous Material 








858 ARCHIVES OF INTERNAL MEDICINE 


PERNICIOUS ANEMIA AND RELATED MACROCYTIC ANEMIAS 


The literature of the past year dealing with pernicious anemia is 
concerned largely with a continuation of attempts to produce the disease 
experimentally and efforts to define more clearly the relation of the 
stomach, the liver, the bone marrow, Diphyllobothrium latum infection 
and vitamin deficiencies to the anemia and to the associated lesions of 
the nervous system. Studies have been made which confirm conclusively 
the experience that administration of liver extract by intramuscular 
injection is the most effective type of therapy both for the anemia and 
for the neurologic manifestations of the disease. 

Etiology.—In a stimulating article Cooley * devotes a brief, but at 
the same time all-inclusive, paragraph to the subject of heredity in per- 
nicious anemia. He agrees that there is ample evidence of a high 
incidence of the disease in certain families, indicating that a hereditary 
factor must be present. Achlorhydria is common in these families and 
possibly with it a lack of Castle’s intrinsic factor. Idiopathic hypo- 
chromic anemia is associated with this type of heredity, and it may 
coexist with pernicious anemia in the same families and even in the 
same patient. Cooley believes that the incidence of gastric cancer is 
suspiciously high in the families of patients with pernicious anemia. He 
suggests that one may choose between several theories, including either 
that of inherited gastric inferiority, with resultant susceptibility to 
environmental factors, or the belief that the same mutant gene is 
responsible for microcytic or macrocytic anemia and specific changes in 
the nervous system, depending on environmental circumstances. Finally, 
he makes the rather “timid suggestion” that two genes may be involved, 
one affecting the stomach and the other the bone marrow. According 
to him, there is not much doubt that anacidity and probably a diminution 
of the intrinsic factor are often hereditary precursors of pernicious 
anemia. There is no evidence to indicate that the disorder is sex linked 
or to permit a conclusion as to whether the trait for pernicious anemia 
is dominant or recessive. 

Three cases of pernicious anemia in Negroes are reported by 
McCracken,” who gives a résumé of the literature dealing with the 
incidence of the disease in this race. According to him, approximately 
3 per cent of all persons with pernicious anemia are Negroes. In the 3 
cases reported, the diagnosis appears to be certain, but as the author 
states, it is unlikely that the patients were of pure Negro blood. He 
concludes that it is doubtful whether pernicious anemia ever occurs in a 
full-blooded Negro. 


1. Cooley, T. B.: Hereditary Factors in the Blood Dyscrasias, Am. J. Dis. 
Child. 62:1 (July) 1941. 

2. McCracken, J. P.: Pernicious Anemia in the Negro, J. M. A. Georgia 
30:49, 1941. 
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Wintrobe * states that despite efforts to disprove Castle’s hypothesis 
postulating the existence of an extrinsic and an intrinsic factor which 
form the antianemic principle present in liver, it is still generally 
accepted. Little is known concerning the chemical nature of the dietary 
or the gastric factor or the antianemic principle. The chief obstacle to 
the unreserved acceptance of Castle’s theory is failure to produce per- 
nicious anemia in animals. The author states that limiting the intake 
of the extrinsic factor does not produce the disease and that total 
gastrectomy except in “rare and unconvincing” instances has not been 
followed by the appearance of macrocytic anemia. Wiaintrobe attempted 
to produce such an anemia in newborn pigs by means of a diet deficient 
in the extrinsic factor, on the basis that mammalian fetal blood contains 
large red cells in relatively small numbers and assays of fetal liver have 
demonstrated little antianemic potency. In some of the animals macro- 
cytic anemia did develop, but it was inconstant and could not be 
considered to be identical with pernicious anemia. Of great interest, 
however, were changes which occurred in the nervous system of the ani- 
mals, as they simulated, in some respects, those encountered in patients 
with pernicious anemia. There was selective degeneration of the posterior 
ganglion cells, the sensory portion of the peripheral nerves, the posterior 
nerve roots and the posterior columns of the spinal cord. The lateral 
columns were not affected. These changes could be prevented by the 
addition of whole liver and, in some instances, of yeast, to the diet. 
They were not prevented by supplements of thiamine, nicotinic acid or 
riboflavin. Recently Wintrobe has observed that the addition of 
pyridoxine, choline and pantothenic acid, together with the three com- 
ponents of the vitamin B complex just mentioned, prevented lesions in 
the nervous system of the experimental animals. He regards pernicious 
anemia as a multiple deficiency disease and suggests that the antineuritic 
substance which prevents the development of the neural lesions in the 
pig may be the same factor which is lacking in cases of “dry” beriberi. 
According to him, there is increasing evidence that thiamine hydro- 
chloride is not the antineuritic substance lacking in that deficiency 
disease. 

Changes in the Bone Marrow: A decade ago, according to Israels,‘ 
the understanding of the anemias was facilitated by a simple diagram 
of red blood cell development, such as that given by Witts in his Goul- 
stonian lectures in 1932. In this scheme the successive stages in the 
development of the erythrocyte were represented by (1) the reticulo- 
endothelial cell; (2) the megaloblast ; (3) the normoblast, and (4) the 


3. Wintrobe, M. M.: Attempts to Produce Pernicious Anemia Experimen- 
tally, Bull. New England M. Center 3:13, 1941. 
4. Israels, M. C. G.: Morbid Red Cell Development and Treatment of 
Anemia, Lancet 2:207, 1941. 
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erythrocyte. Failure at stage 1 caused aplastic anemia, at stage 2 per- 
nicious anemia and at stage 3 microcytic iron-deficiency anemia. The 
author regards this exposition as “inadequate” in the light of present 
knowledge and states that there is a trend to return to more complex 
theories of maturation, such as those originally advanced by Naegeli 
and by Ferrata. Reference should be made to the original article for 
a statement of the view concerning the development of red cells which 
he states is now held by a majority of hematologists. On this basis, 
there are believed to be four types of pathologic erythropoiesis. 
According to the author, the marrow in patients with pernicious anemia 
is characterized by a megaloblastic hyperplasia in which are encountered 
all types of megaloblast, in addition to the more primitive preerythro- 
blast and the hemocytoblast and their transition forms. After the 
administration of the active principle of liver, there are a prompt change 
to a normoblastic hyperplastic type of marrow and eventually a return 
to a normal marrow. Israels suggests that the liver principle is required 
for the maturation of normoblasts from preerythroblasts. When it is 
deficient, megaloblasts appear in an attempt to compensate for the absent 
normoblasts. A megaloblastic marrow, he believes, is the only certain 
indication for liver therapy. It occurs in association with addisonian 
pernicious anemia, with dietary deficiencies and with malabsorption 
from the gastrointestinal tract. All patients exhibiting such a marrow 
picture do not respond to liver therapy. There is, for example, a con- 
dition designated by Wilkinson as achrestic anemia, in which, in spite 
of a megaloblastic marrow reaction, the patients appear to be unable to 
utilize the liver principle. 

According to Limarzi, Jones and Levinson,®? many hematologists 
believe that megaloblasts and normoblasts follow independent lines of 
maturation after the earliest reticular stage has been passed, as evidenced 
by the marrow of patients with pernicious anemia in relapse. After 
the administration of liver, the marrow may be converted to the normo- 
blastic type within forty-eight hours, and the question is raised of the 
mechanism of the disappearance of the megaloblasts. The authors 
believe that they have a clue in the finding of bizarre, multipolar mitoses 
and large, multinucleated, hemoglobinized cells in the marrow of patients 
with pernicious anemia undergoing therapy with liver extract or a 
preparation containing arsenic. Apparently, it is their belief that the 
megaloblasts disappear by means of this unusual form of erythropoiesis. 

Although other investigators have studied the effects of antianemic 
substances on the blood of newborn rats or of the fetus in the terminal 


5. Limarzi, L. R.; Jones, R. M., and Levinson, S. A.: Unusual Erythro- 
poiesis in the Human Sternal Marrow and Its Possible Relation to Megaloblastic 
Maturation, Anat. Rec. 79 (supp. 2):43, 1941. 
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stages of development, Jones® observed the changes produced in the 
prehepatic generation of red cells. Such cells proliferate, elaborate 
pigment and exhibit evidence of maturation before the liver is morpho- 
logically differentiated. He concludes that when normal pregnant rats 
are fed diets containing desiccated hog stomach, some antianemic sub- 
stance is absorbed from the gastrointestinal tract and is transmitted 
through the placenta to influence prehepatic embryonic erythropoiesis. 
its active presence is indicated by a reduction in the mean cell and the 
mean nuclear diameter of the primitive erythroblasts of embryonic 
blood. 

Role of the Stomach in Causation of Pernicious Anemia: In the 
comprehensive review of Petri and Jensenius * all reports in the literature 
of the operations on the stomachs of animals on which blood studies 
have been made are carefully considered. From this survey it is con- 
cluded that either total gastrectomy or partial resection of the stomach 
in dogs, swine, monkeys or rats may result in the development of various 
types of anemia. Its nature appears to depend on the species of animal 
employed and the variety of operation performed. It should be 
emphasized, however, that in none of the experiments have the typical 
characteristics of pernicious anemia been produced, namely, hyper- 
chromic, megalocytic anemia; hyperplasia of the bone marrow, and 
capacity to react characteristically to liver therapy. Nor has it been 
possible consistently to produce typical pernicious anemia in animals 
when various toxic agents and abnormal diets have been employed sub- 
sequent to the operative procedure. It is conceded that in “a few cases” 
there has been observed a blood picture somewhat suggestive of per- 
nicious anemia. In gastrectomized pigs, and to a lesser extent in other 
experimental animals, there has appeared severe, chronic and _ fatal 
pellagra. In dogs, swine, monkeys and rats the most common type of 
anemia produced has been the hypochromic variety. A hyperchromic 
anemia has been observed after resection of the pylorus of the stomach 
in swine, and it is suggested that on the basis of evidence at hand, this 
species is suitable for further experimentation. It is the authors’ belief 
that the failure to produce pernicious anemia experimentally in animals 
may be due to (1) nonexistence of this type of anemia in animals; (2) 
production of the intrinsic factor by the duodenum and perhaps other 
parts of the gastrointestinal tract, or (3) a possibility that a disturbance 
of some unknown factors is required in addition to gastrectomy ard 


6. Jones, O. P.: Transmission of Antianemic Principle Across the Placenta 
and Its Influence on Embryonic Erythropoiesis: Quantitative Effect of Diets 
Containing Ventriculin, Arch. Int. Med. 68:476 (Sept.) 1941. 

7. Petri, S., and Jensenius, H.: Experimental Studies on Production of Per- 
nicious Anemia by Operation on the Digestive Tract: Survey of the Results of 
Total Gastrectomy and Resections of the Stomach, Acta med. Scandinav. 106: 
274, 1941. 
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gastroduodenal resection. The possibility that Castle’s theory of the 
causation of pernicious anemia is incorrect is also considered by the 
authors. They have compiled an extensive bibliography, which should 
be useful in further investigations of this subject. 

Meyer, Schwartz and Weissman * report a case of pernicious anemia 
following radical resection of the stomach and state that a total of 54 
cases of such an occurrence have been described in the literature. In 
the published accounts the following points were usually stressed: The 
symptoms and the typical hematologic picture develop within two to 
fifteen years after the operation; evidences of subacute combined 
degeneration of the spinal cord often accompany the anemia; gastro- 
intestinal symptoms and, of course, achlorhydria are almost always 
observed, and the response to anti-pernicious-anemia therapy is specific 
and dramatic. 

The development of hypochromic anemia following simple gastro- 
enterostomy for peptic ulcer has been noted on many occasions, but 
the appearance of macrocytic anemia is a much less common occurrence. 
Two cases of the latter type of anemia following gastroenterostomy, 
reported by Gordon and Japa,® are of considerable interest. In both 
cases the patients were men, aged 52 and 62 respectively, and had been 
operated on for duodenal ulcer. In 1 instance the anemia developed 
eleven years and in the other twenty-eight years after the operation. In 
both cases severe macrocytic anemia with a high color index was observed, 
and in each case a satisfactory response was obtained after administration 
of liver extract. According to the authors, the condition may be 
attributed to two causes: First, there may be a lack of intrinsic factor, 
and, second, impaired interaction of the extrinsic and the intrinsic factor 
and malabsorption may be operative. A case of macrocytic anemia 
developing ten years after partial gastric resection for ulcer or carcinoma 
is reported by Hagyard.’° The anemia responded well to liver therapy, 
but the patient eventually died of a neoplasm of the remaining portion 
of the stomach, believed to be a second carcinoma. 

Miller ** observed that achlorhydria was present in 6 of 50 infants 
during the first month of life, an incidence giving the same percentage 
as that found by Strauss and Castle in pregnant women. Additional 
studies were made on the gastric secretion in 63 mature and 64 pre- 
mature infants in a fasting state within eight hours of birth. Twenty- 








8. Meyer, K. A.; Schwartz, S. O., and Weissman, L. H.: Pernicious Anemia 
Following Total Gastrectomy, Arch. Surg. 42:18 (Jan.) 1941. 

9. Gordon, N. S., and Japa, J.: Macrocytic Anaemia Following Gastroenter- 
ostomy, Brit. M. J. 2:769, 1941. 

10. Hagyard, C. E.: Pernicious Anemia and Cancer of the Stomach, North- 
west. Med. 40:125, 1941. 

11. Miller, R. A.: Observations on Gastric Acidity During the First Month 
of Life, Arch. Dis. Childhood 16:22, 1941. 
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seven of these normal infants exhibited achlorhydria. It would be of 
great importance to follow up these infants in order to determine whether 
some of them have persistent achlorhydria throughout life. It is the 
belief of many persons, but one difficult to prove, that patients with 
pernicious anemia have permanent achlorhydria on an inherited basis, 
present from birth. The findings of Miller are consistent with such a 
belief, but it is the opinion of other observers that congenital absence 
of gastric hydrochloric acid does not exist. 

Dick ** was led to investigate the bacterial content of the stomach 
because surprisingly little is known concerning it. The normal empty 
stomach has usually been considered essentially sterile; some bacteria 
are ingested with the food, but as acid secretion begins, the bacteria are 
rapidly killed. If the acidity is below normal, sarcinae, yeasts or Oppler- 
3oas bacilli may multiply. Studies were made by Dick on stomach 
contents obtained just before stimulation with histamine and again about 
three quarters of an hour afterward. He found that almost all specimens 
containing free hydrochloric acid were sterile. In patients with 
pernicious anemia it was observed that the numbers of bacteria were 
constantly and surprisingly large, that all blood agar plates showed a 
predominance of green-forming streptococci, that in all instances 
organisms of the colon group grew on the litmus lactose plates and that 
of the eighteen anaerobic cultures, eleven showed long gram-negative 
threadlike filaments, forming dense tangled masses in the slides. Dick 
asks whether the enormous number of bacteria encountered in patients 
with chronic gastritis, with or without pernicious anemia, are present 
as a result of the loss of the normal bactericidal power of the gastric 
juice or whether they are the agents causing the disease. In his opinion 
the former explanation is inadequate, and furthermore, he finds it 
difficult to explain the almost constant presence of bacteria of the colon 
and the lactic-aerogenes group on the basis of ingestion and subsequent 
growth due to achylia. He is inclined to believe that there is a profound 
derangement of the whole gastrointestinal tract in patients with per- 
nicious anemia and with some other types of chronic gastritis, permitting 
the return of colon bacilli from the colon to the stomach. He finds that 
the litmus lactose plates cultured with the stomach contents of patients 
with pernicious anemia cannot be distinguished from litmus lactose 
plates obtained with normal stools. 

A scholarly discussion by Rhoads ** bears on the possible relations 
between gastritis, pernicious anemia and cancer of the stomach. He 
makes the cogent suggestions that certain forms of gastritis are in fact 
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Gastritis of Pernicious Anemia, J. Nat. Cancer Inst. 1:511, 1941. 








864 ARCHIVES OF INTERNAL MEDICINE 


precancerous alterations, they are the result of a food deficiency and 
they may be cured by adequate dietary means. He does not intend to 
imply, however, that all gastric cancers or any large number of them 
are the result of dietary deficiencies, nor is it his belief that the malignant 
change, once established, can be reversed by dietary means. His 
tentative suggestions are based on the following observations: 1. 
Gastritis accompanies and probably precedes the development of gastric 
cancer in certain cases. 2. The association of pernicious anemia and 
its ever present gastritis with gastric cancer is more frequent than can 
be explained by the laws of chance. 3. There is some evidence that if 
one of the disorders is present in a family, the other is likely to occur. 
4, Gastric cancer as a sequel of pernicious anemia is not infrequent, 
and gastric polyposis is much more commonly encountered at necropsy 
in patients with pernicious anemia than in those with other disorders. 
5. Gastroscopic observations indicate that the gastritis of pernicious 
anemia is reversible by dietary means. It is suggested that possibly the 
elimination of gastritis might be a preventive measure in the control of 
cancer of the stomach. 

Experimental Production of Pernicious Anemia: Isaacs '* observed 
that after the subcutaneous injection of glycocholic acid from ox bile, 
mild macrocytic, oval red cell anemia developed in 3 of 12 rats during 
the course of two months. Also during this interval 1 animal was noted 
to have dragging of the hindlegs, with clumsy gait, and in three months 
2 rats showed cutaneous ulcerations in regions which had not been used 
for injections. According to the author, these results suggest the 
hypothesis that an increase or defect in the metabolism of bile acids in 
persons with pernicious anemia causes an alteration in the secretion of 
the “intrinsic factor,” resulting in the development of macrocytic anemia 
and permitting an increase in hemolysis. The bile acids, acting on the 
central nervous system, would cause the degenerative changes. Leuko- 
cytopenia would be another result. This investigator also states that he 
has confirmed the observations reported by Blankenhorn in 1917, that 
the bile acids are increased in the blood of patients with pernicious 
anemia in relapse. 

Crandall, Finne and Smith?*® report the production of macrocytic 
anemia in dogs by the creation of an internal bile fistula (anastomosis 
of the gallbladder to the right renal pelvis with ligation of the common 
bile duct). They attribute the anemia to a deficiency in the anti- 
pernicious-anemia factor resulting from impaired intestinal absorption. 
They mention, however, the possibility of hepatic dysfunction due to 
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Bile Acids, Proc. Soc. Exper. Biol. & Med. 45:794, 1940. 
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failure of the recirculation of bile, thereby producing macrocytic anemia 
comparable to that occurring in patients with hepatic disease. 

Smith, Reiser and Harrell ’® fed young swine a diet which was 
partially deficient in the vitamin B complex for a long period and 
observed severe macrocytic anemia. Similar anemias associated with a 
deficiency of factors of the vitamin B complex have previously been 
reported from different laboratories. The unique observation made in 
this study, however, was the spontaneous recovery from the anemia 
while the animals remained on the same diet and were without treatment 
of any kind. The authors offer the explanation that the diet may have 
heen inadequate during the period preceding sexual maturity, but that 
after sexual stability had become established all of the nutritional require- 
ments of the animal were met. 

Relation of Diphyllobothrium Infection to Macrocytic Anemia: It 
had been noted previously by von Bonsdorff ‘* that aqueous extracts of 
certain intestinal worms, including D. latum, had a_ considerable 
inhibitory effect on the proteolytic activity of normal human gastric 
juice in vitro at approximately the neutral point. This was not true 
of the activity of other proteolytic enzymes, such as trypsin, pepsin and 
papain. In the present investigation, this phenomenon has been sub- 
jected to a more intensive study. It was found that relatively small 
amounts of a suspensicn of fresh D. latum have a pronounced inhibitory 
effect on the gastric protease which is active at a py range from 5 to 9 
and above. According to the author, this enzyme is supposedly identical 
with the “intrinsic factor.” The inhibitory effect on the proteolytic 
activity depends on the py at which the aqueous extracts are prepared 
(proved for px 1.7 to 9.0). It is not conditioned by any product arising 
during the autolysis of the worm; in other words, the inhibitory sub- 
stance is to be found preformed in the worm. 

In a second article von Bonsdorff '* reports observations on the 
etiologic relation between D. latum and the associated macrocytic anemia. 
He mentions that in recent years there has been a tendency, especially 
in America, to regard the presence of this intestinal parasite and the 
anemia as nothing more than a coincidence. The author emphasizes the 
following important observation: The condition produced by this 
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intestinal parasite agrees in all essentials with true addisonian anemia 
in regard to clinical manifestations, hematologic changes and alterations 
in the bone marrow; tapeworm anemia can be controlled with liver and 
stomach preparations; the condition can be cured by the expulsion of 
the worm, which indicates that the parasite in some manner interferes 
with the endogenous production of the anti-anemic principle (the per- 
nicious anemia factor). In general, this author has observed the 
following relations between the intestinal parasite and the host, so far 
as they affect the production of macrocytic anemia: When the expulsion 
of the parasite is followed by a definite reticulocyte response and active 
red cell regeneration, it is considered conclusive proof of the causal 
relation between the anemia and the intestinal infection. When the 
expulsion of the worm is not followed by a remission, the association 
is apparently only incidental. In still other instances, it appears that 
the infection intensifies the course of true cryptogenic pernicious anemia. 

The purpose of the third communication by von Bonsdorff ** is to 
bring information to bear on the understanding of the pathogenesis of 
“pernicious tapeworm anemia.” Since the author believes that the 
proteolytic gastric enzyme active at a neutral reaction may be “identical 
with Castle’s intrinsic factor,” a possible means is thus afforded to 
determine the presence of the intrinsic factor in cases of “pernicious 
tapeworm anemia.” It was concluded from observations on patients 
that the gastric juice contains the proteolytic enzyme active at neutral 
reaction both when the pernicious anemia is caused by the infection with 
the worm and when the causal relation is uncertain for various reasons. 
To us the importance of these studies is almost wholly dependent on 
the substantialness of the proof that the protease and the intrinsic 
factor are identical. 

Studies on the Active Principle of Liver: In the fourteen years 
which have elapsed since the original announcement of Minot and 
Murphy that liver is effective in the treatment of pernicious anemia, 
several groups of investigators have endeavored unsuccessfully to isolate 
chemically the hematopoietically active material present in_ liver. 
Advances in this direction have been made, however, and these are 
summarized by Jacobson and Subbarow.*° According to these authors, 
the greatest difficulties which have hampered this investigation have 
been, first, the lack of a method of assay in animals and, second, the 
_ apparent loss of therapeutic activity which develops as the fractionation 
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roceeds, even in the absence of destructive chemical and physical 
»rocedures. The original groundwork of the problem was laid by Cohn 
ind his collaborators between 1927 and 1930. Their technic involved 
the removal of the bulk of liver proteins and leaving as a residuum a 
therapeutically active yellow powder. This they designated as “Fraction 
G.” Additional steps of purification yielded an amorphous material 
which had more of the characteristics of a nitrogenous base and was 
effective in the treatment of pernicious anemia. Since this work, 
additional studies by others have shown that the therapeutically active 
material may be precipitated by Reinecke’s (tetrathiocyanodiamino- 
chromic) acid and by saturated ammonium sulfate. Furthermore, 
several investigators discovered independently that the active material 
was adsorbed quantitatively by charcoal, from which it could be eluted 
by alcohol or phenol. These studies have fallen short of the final goal, 
as they have not resulted in isolation from liver, in a pure chemical 
form, of a principle that completely duplicates the therapeutic activity 
of that organ. It was first suggested by Fiske, Subbarow and Jacobson 
in 1935 that the anti-pernicious-anemia effect of liver is due, not to a 
single chemical compound, but to the combined action of several sub- 
stances. As direct evidence in support of their theory, Jacobson and 
Subbarow cite the observation that with the continued purification of 
crude liver extract, in the absence of destructive procedures, there is a 
complete or partial loss of potency. However, the administration of 
the purified materials with other liver fractions, which they term 
accessory factors, results in the recovery of the lost therapeutic activity. 
These accessory factors are by themselves therapeutically inert. It is 
the authors’ present belief that there are at least five such factors, 
including 1-tryosine, a complex purine, a peptide, tryptophan and 
guanosine. The authors summarize the recent reports of others con- 
cerning the more highly purified therapeutically active liver substances 
and emphasize that both concordant and discordant properties are 
ascribed to them. It has been suggested by one group of investigators 
that the active principle is an o-amino or imino acid and that it is 
definitely not a purine or a pyrimidine base. The possibility has not 
been excluded, however, that it may be a ring compound of the pyrrole 
or pyridine type. Studies by others suggest that the active material is, 
or is associated with, a peptide. The authors conclude that “until the 
primary factor is obtained in crystalline form, this discordant state” 
of knowledge will exist. That all workers in this field are not in accord 
with the conclusions of Jacobson and Subbarow is indicated by the dis- 
cussion of their presentation by West, who emphasizes that the mixture 
of peptides described by Dakin and others does not contain any of the 
accessory factors mentioned. 
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Aylward and his associates ** carried out an interesting study t 
determine the anti-pernicious-anemia activity of various mammalia: 
livers. In order to test for the active principle, an extract was prepared 
with the usual technic and injected intramuscularly into patients with 
pernicious anemia in relapse. The livers of many species of herbivorous 
and carnivorous mammals were utilized. All of the extracts with the 
exception of that made from sea lion liver were shown to possess thera- 
peutic activity. This indicates that the anti-pernicious-anemia principle 
is stored in the livers of a large variety of mammals, despite the fact 
that the disease does not occur spontaneously in animals and cannot be 
produced experimentally. The authors conclude, therefore, that 
knowledge of the biochemical and physiologic processes involved in 
normal hemopoiesis and of the deficiencies leading to the various anemias 
is far from complete. Reference is made to previous studies which have 
shown that stomach preparations derived from human beings, pigs and 
silver foxes are active. Stomachs obtained from herbivorous animals 
are said to have little or no hemopoietic activity. 

Relation Between Pernicious Anemia and Other Diseases: A discus- 
sion of the possible relation between “primary” hypochromic anemia and 
pernicious anemia is given by Miller and Dameshek,** and 2 cases are 
recorded in which the hypochromic type of anemia terminated in the 
pernicious variety. According to them, this association is of interest for 
the following reasons: 1. In both conditions achlorhydria is almost 
invariably present. 2. Total gastrectomy or widespread neoplastic 
involvement of the stomach may be followed by either type of anemia. 
3. It is occasionally reported that 1 or more members of a family had 
pernicious anemia, while others showed hypochromic anemia. 4. There 
have been occasional previous reports of hypochromic anemia which 
terminated in the pernicious type. In 1 of the authors’ cases, the 
Plummer-Vinson syndrome was present and the response to iron was 
good. This response was followed several years later by recurrence 
of anemia and subsequent improvement induced by liver extract therapy. 
In the second case of hypochromic anemia the evidence of pernicious 
anemia developed after the administration of iron. In this case it was 
considered that both an iron and a liver extract deficiency were present 
and that response to medicinal iron “unmasked” the underlying macro- 
cytic anemia. A review of the literature and a discussion of the possible 
mechanisms and theoretic implications are included. 
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Stenstam ** gives a digest of previous publications dealing with the 
relation between pernicious anemia and exophthalmic goiter and adds a 
number of cases in which he has observed this association. In his 
opinion, the combination is rare but not as infrequent as some authors 
have stated. Approximately 50 cases, in which the patients were pre- 
ponderantly women, have been reported in the literature. Usually the 
symptoms of exophthalmic goiter preceded those of anemia, and in a 
majority of instances the latter have appeared at an earlier age than 
is usual in pernicious anemia. According to Meulengracht’s theory, in 
cases of such a combination the pernicious anemia may develop on the 
basis of the achlorhydria which is known to occur frequently in patients 
with thyrotoxicosis. The mechanism included may be stated as follows : 
Persons with a disposition toward pernicious anemia inherit a vulnerable 
and sensitive digestive tract mucosa, which after a period of years is 
unable to produce a normal amount of “intrinsic factor.” It is assumed 
that a mucous membrane of this sort will be damaged more rapidly in 
a patient with thyrotoxicosis. Means expresses the situation excellently 
in these words: “Thyrotoxicosis brings out the individual’s weak 
points.” Asa result, evidences of pernicious anemia appear at an earlier 
age than is usual. The author concludes, however, that the combination 
of these two diseases may also be fortuitous. The total number of 
patients admitted to the Medical Clinic at Lund, Sweden, for a ten year 
period numbered 28,414, among which were 389 with exophthalmic 
goiter and 193 with pernicious anemia. In only 3 instances did the two 
diseases coincide in the same patient. The author believes, however, 
that improved diagnostic resources and, above all, a sharper look-out 
for the occurrence of such a combination, will increase the number of 
instances detected and reveal that the combination is not exceedingly 
rare. 

Other Observations Relating to the Etiology of Pernicious Anemia: 
In 1935 Wakerlin recorded the observation that the urine of patients 
with untreated pernicious anemia contained a reticulocyte-decreasing 
factor for the pigeon which was not present in the urine of 6 normal 
persons and 2 treated patients with pernicious anemia. Since this report 
additional studies *4 have led the author to conclude that the toxic 
reticulocytopenic factor occurs inconstantly in the urine of untreated 
patients with pernicious anemia and that it is not specific for pernicious 
anemia but is present also in the urine of patients with other diseases 
(diffuse carcinomatosis, subacute bacterial endocarditis and aplastic 
anemia). The evidence suggests that the factor is incidental and 
resultant and not pathogenic in its relation to pernicious anemia. 





23. Stenstam, T.: Pernicious Anemia and Basedow’s Disease, Acta med. 
Scandinayv. 104:29, 1940. 

24. Wakerlin, G. E.: The Toxic Factor in Pernicious Anemia, Am. J. Physiol. 
133:478, 1941. 








870 ARCHIVES OF INTERNAL MEDICINE 


An anonymous writer ** emphasizes the importance of the vitamin 
B, complex, which is defined as an assemblage of some of the water- 
soluble vitamins present in yeast. The author cites the work of 
Manson-Bahr, who claimed that glossitis, probably nonspecific, is 
encountered in pellagra, sprue, pernicious anemia, the nutritional, 
anemias and idiopathic steatorrhea. Because of this and other features, 
including changes in the spinal cord, such diseases are considered to 
be closely related to each other. The commentator believes that nicotinic 
acid and riboflavin play an important role in the treatment of sprue as 
well as of pellagra, pernicious anemia, subacute combined degeneration 
of the spinal cord and, to some extent, idiopathic steatorrhea. The 
reviewers are willing to concede this possible relation, but it is difficult 
to prove the precise nature of such an association. It should be con- 
sidered a fruitful field for further investigation. 

A detailed discussion of the etiology of the anemias, including per- 
nicious anemia, is presented by Sturgis.?° 

Treatment of Pernicious Anemia.—A majority of students of the 
disease will agree with Askey’s ** statement that the treatment of per- 
nicious anemia is true substitution therapy which does nothing to remove 
directly the cause of the primary deficiency of Castle’s intrinsic factor. 
He contends that optimum therapeutic results can be attained by the 
administration of a massive dose of liver extract, calculated to contain 
theoretically the amount of the active principle which is lacking in the 
liver plus the quantity needed immediately by the body for tissue repair. 
This is estimated to be between 100 and 300 U. S. P. hemopoietic 
units. Whether such huge doses are stored or partially excreted is 
difficult to prove. It is feasible, however, to gain some idea of storage 
of the active principle in liver indirectly by observation of the changes 
in the peripheral blood. In an attempt to throw light on this point, 
Askey during a three year period gave massive doses of liver extract 
to 22 patients who had pernicious anemia in relapse. An initial dose 
of 15 or 20 U. S. P. units was given intramuscularly. On the following 
day a massive dose of 150 to 400 U. S. P. units was injected into the 
buttocks. No further anti-pernicious-anemia therapy was given during 
a subsequent period of observation. In only 3 of 19 patients was the 
red cell count below 4,000,000 at the end of two months. In the other 
16 patients the average red cell count at the end of one month was 
4,050,000, at two months 4,750,000 and three months 4,700,000 per 
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cubic millimeter. The clinical responses of these 16 patients were 
excellent. The following criteria were considered as evidence of 
relapse: a red cell count of less than 4,000,000; any increase in par- 
esthesia, or a definite loss of strength. Of the 16 patients, 1 relapsed 
at three months, 3 at four months, 2 at five months, 2 at six months 
and 1 at ten months after the initial treatment. In comparison with the 
studies of Strauss in 1940, these data are interpreted by the author as 
suggesting that a greater liver storage is effected by a single large dose 
than by repeated small doses. He has shown conclusively that the 
majority of patients in relapse can be given a single massive dose which 
will establish and maintain for several months a normal red cell count 
with satisfactory clinical improvement. According to Askey, after the 
initial large dose it is advisable to keep the liver in a state of optimum 
storage, which, in his opinion, can best be accomplished by the monthly 
injection of “suitable amounts.” 

Seymour, Heinle and Miller ** have recently reported interesting 
studies on the storage of the hemopoietic principle by patients with 
pernicious anemia. Nine patients with therapeutically induced remission 
were given parenterally 55 to 140 U. S. P. units of liver extract over 
a period of ten to thirty days. Subsequently, further anti-pernicious- 
anemia therapy was withheld until the blood showed evidence of relapse. 
These remissions continued for sixteen to forty-four weeks and were, in 
general, shorter than when the identical amount of liver extract was given 
in small, intermittent doses. Crude and concentrated preparations of 
liver extract appeared to be equally effective so far as maintenance of 
blood levels was concerned. Thirteen patients in relapse were given 
90 to 380 U. S. P. units of liver extract intramuscularly during periods 
of ten to thirty days. In all of these patients, remissions were induced 
and blood levels were maintained for thirteen to twenty-nine weeks 
without further treatment of any sort. It was concluded that if the 
hemopoietic principle is stored in the body, such storage is not quantita- 
tive when large doses of liver extract are administered over a short 
interval. It is the authors’ opinion that the fate of the unused hemo- 
poietic principle is unknown. Furthermore, it is considered that the 
degree of deficiency of the intrinsic factor and the amount of the extrinsic 
factor in the diet of patients with pernicious anemia probably account 
for individual variations in requirements of liver extract. They also 
observed that by augmenting the extrinsic factor in the diet, 2 patients 
with mild pernicious anemia were maintained in remission for long 
periods without any additional specific treatment. 
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Evans and Jordan ** support the belief, generally accepted, that the 
most effective method of treating patients with pernicious anemia is 
intramuscular injection of liver extract. Their statements are based on 
the observations of 40 patients treated with a preparation containing 
a mixture of liver extract and thiamine hydrochloride. The average dose 
was 1 cc. (20 U.S. P. units) of liver extract administered intramuscularly 
every three or four weeks, and the patients were followed up in most 
instances for two to four years. The authors’ conclusions are based on 
the dose necessary for the maintenance of a patient with pernicious 
anemia in a state of well-being and good health. They observed that 
with the dose used, the red cell count and the hemoglobin level were 
maintained at satisfactory figures, the symptoms and signs referable to 
the nervous system were controlled or actually improved in a great 
majority of cases and the patients were able to combat many types of 
acute and chronic disease almost as effectively as members of the general 
population. Finally, they emphasized that the cost of this type of treat- 
ment is not prohibitive. They are not in accord with the belief that the 
less refined extracts of liver contain a substance, absent in the more 
concentrated types, which has a beneficial effect on the lesions of the 
nervous system. 

Bethell *° regards pernicious anemia as a multiple deficiency disease, 
not caused primarily by lack of food factors, but by defective modification, 
absorption and utilization of dietary substances. As regards specific 
therapy, the intramuscular injection of liver extract is given as the 
method of choice, and the recommended initial dose for most patients 
in relapse is 15 U. S. P. units daily for one week. Subsequently, a 
similar amount is given three times weekly until the blood reaches normal 
limits. The maintenance dose varies considerably, but in general a 
reliable amount is 15 units every one or two weeks. In a few instances, 
the treatments can be given at longer intervals. If a more dilute extract 
is used, the daily dose in relapse should be 4 to 6 cc. (of which 1 cc. is 
obtained from 5 Gm. of whole liver). An equal amount given at intervals 
of one to two weeks has been found to be satisfactory for a maintenance 
dose. Oral therapy has a place in the management of patients who object 
to the parenteral route and whose blood values can be maintained with 
reasonable amounts of material. Furthermore, oral stomach therapy is 
indicated in the 2 per cent of patients with pernicious anemia who become 
sensitized to liver, although under such circumstances desensitization 
to liver may be attempted. Ninety per cent of the patients in the group 
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bserved by Bethell had symptoms referable to the nervous system. In 
veneral, it could be said that improvement of such symptoms occurred 
in proportion to the completeness of the hematologic remission and the 
highest incidence of good therapeutic results was observed among patients 
treated by the intramuscular injection of a concentrated liver extract. 
Of these patients, 84.6 per cent showed improvement, in 13.5 per cent the 
condition remained unchanged and in only 1 patient did the manifesta- 
tions in the nervous system become more prominent. Beneficial results 
occurred as frequently and to as great a degree in those receiving refined 
extracts as in those to whom cruder preparations were given. Vitamin B 
in the form of powdered yeast was considered to be of some value in the 
treatment of the lesions of the nervous system, although the effectiveness 
of this substance is difficult to evaluate. It is insisted by Bethell that 
adequate maintenance therapy should not be governed by the clinical 
state of the patient. In his opinion safer and more reliable criteria are 
afforded by the condition of the blood, indicated in order of relative 
value by the mean corpuscular volume, the color index and the red 
cell count. 

Haden ** gives definite recommendations concerning the treatment 
of the macrocytic and the iron deficiency anemias by means of anti- 
pernicious-anemia therapeutic agents and by iron. Reference will be 
made here only to the treatment of pernicious anemia. He recommends 
the parenteral use of liver extract as the treatment of choice, for it is 
less expensive and more effective. When the patient first presents him- 
self with pernicious anemia in relapse, a subcutaneous injection of 1 cc. 
of a concentrated liver extract containing at least 15 U. S. P. units of 
the active principle is given daily for fourteen days. During this time 
if possible the patient is kept in bed. With the return of the appetite, 
usually on the fifth to the seventh day, the anemia diet with the addition 
of a liver cocktail is begun. The latter is made from equal parts of 
ground broiled liver and tomato juice with the addition of a teaspoonful 
of yeast extract (vegex). After the initial period of intensive therapy, 
injections of liver extract are given twice a week for three months. For 
the second three months an injection is given once a week, and for the 
following six months, once every two weeks. After the lapse of one year 
one injection each month is usually all that is required if a preparation 
containing 15 units per cubic centimeter is used. However, unless accu- 
rate blood studies are regularly done, we recommend as a safer procedure 
for most patients the injection of 15 units every one or two weeks. In the 
treatment of subacute combined degeneration of the spinal cord Haden 
recommends that a less concentrated preparation (5 units per cubic 
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centimeter ) be used at more frequent intervals, as he considers that it is 
more effective in the treatment of the neurologic manifestations. Al! 
observers are not in accord with this statement. It is emphasized that the 
best criterion of efficient and complete therapy is the maintenance of th: 
red cell volume as determined by the hematocrit readings and the red cel! 
counts. In almost all instances, however, the erythrocyte volume is 
normal if the count is 5,000,000 per cubic millimeter for males and 
4,500,000 for females. A complete blood study should be done at least 
every three months as long as the patient lives. Any increase in the red 
cell volume beyond the normal heralds a relapse or indicates inadequate 
therapy. 

Bethea ** gives sound and practical advice concerning the indications 
for the use of iron and liver in the treatment of the various anemias. 
Reference will be made here only to his discussion of the indications for 
the use of liver. Concentrated liver extract is the preparation of choice 
in his opinion. Indications for its use are (1) pernicious anemia, (2) 
combined system disease, (3) sprue, (4) pellagra, (5) certain types of 
hepatic disease (cirrhosis, etc.) in which there is interference with the 
storage of the erythrocyte-maturing factor, (6) the macrocytic anemia of 
pregnancy and (7) other less frequent causes of macrocytic anemia, such 
as “short-circuiting” operations on the gastrointestinal tract, various 
types of diarrhea, carcinoma of the stomach and fish tapeworm infection. 
He considers that liver extract has been used with “perhaps questionable 
success” in the treatment of such diseases as aplastic anemia, thrombo- 
penic purpura and agranulocytosis. He remarks, however, that the treat- 
ment of these conditions is so unsatisfactory that there is justification for 
giving liver extract a trial, as various observers have reported contra- 
dictory results. We are in only partial accord with this statement, as we 
believe that there are therapeutic methods available for the treatment of 
thrombopenic purpura and agranulocytosis which are more satisfactory 
than the parenteral administration of liver extract. 

In a general article Leavell ** presents a modification of Wintrobe’s 
classification of the anemias and discusses the treatment of the various 
types, including pernicious anemia. 

According to Sjogren,** 10 Gm. of his antianemic material designated 
as “hepaforte” is equivalent in action to 250 Gm. of liver. The details of 
manufacture are not given, but in general the product is the result of the 
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interaction of materials present in raw liver and stomach. He states 
that the most generally accepted belief is that in the normal human 
being the active material arises as a result of the “fermentative” action 
.{ the intrinsic factor on the substrate, which is the extrinsic factor. 
‘This is, however, not the only interpretation which may be placed on the 
observed facts. One could, the author argues, consider that the intrinsic 
factor is essential and that it undergoes “activation” by the extrinsic 
factor. Furthermore, it cannot be definitely established that it is neces- 
sary for a reaction to occur between the two factors, as perhaps the same 
result may be produced by the simultaneous action of both factors in 
optimum concentration. In the meantime, the exact mechanism of the 
action must remain an open question. The main established fact is that 
the two factors are interdependent and by some type of interaction can 
produce a product which the author claims is more potent than either 
stomach or liver. Bjure and Weijdegard ** have reported on the thera- 
peutic activity of hepaforte in 30 cases of pernicious anemia. They con- 
clude that it is at least equivalent in effectiveness to other oral 
preparations. Ordinarily it is taken without difficulty by the patient, 
but occasionally, after long periods, it must be discontinued for a few 
days on account of nausea and vomiting. Even though it cannot be said 
to produce as uniformly satisfactory results as the parenteral injection of 
liver extract, it may be equally effective, and in some cases the authors 
thought that it produced even better effects, at least temporarily. 

The treatment of nutritional tropical anemia, according to Trowell,”" 
is not as satisfactory as that of the closely allied condition of true 
pernicious anemia. This is because few patients with the former dis- 
order can tolerate the necessary 15 to 60 Gm. daily of autolyzed yeast 
(marmite), and furthermore, the therapy is expensive. Moreover, while 
'4 pound (225 Gm.) of whole liver daily is an adequate amount for the 
treatment of a patient with pernicious anemia, it requires about four 
times this much to control tropical anemia. The more concentrated liver 
extracts, in the opinion of the author, appear to lose in the refining 
process some of the fractions essential for the cure of this type of macro- 
cytic anemia. In an attempt to find a more satisfactory form of therapy, 
Trowell treated 2 patients with the disease with a crude preparation of 
liver extract and concluded that the material was more effective, as well 
as cheaper, than the refined products. 
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An unusual spontaneous increase in the percentage of reticulocytes 
to 33.4, persisting for at least two days, was noted by Cooke *’ in a patient 
with pernicious anemia. Inquiry into her dietetic habits disclosed that 
she did not consume excessive amounts of meat, that she was accustomed 
to have liver once weekly and that she had had no liver therapy from her 
physician. The patient had glossitis and achlorhydria and gave a char- 
acteristic response to injections of liver extract. Comment is made that 
little information is available concerning the number of reticulocytes 
which are present in spontaneous remissions in patients with pernicious 
anemia, although what data are available seem to indicate that the per- 
centage of reticulocytes usually does not rise above 8 to 10. 

According to the views of Buding,®* failure to respond to anti- 
pernicious-anemia therapy with potent agents may be due to a lack of 
vitamins in the diet. In support of this belief he cites 2 patients with 
the disorder who did not give the anticipated response to large doses 
of potent liver extract. One had gastrointestinal disturbances and existed 
largely on a diet of gruels and other foods which were not good sources 
of nicotinic acid or its amides. The other had a food intake consisting 
chiefly of carbohydrates, which in themselves increase the demand for 
vitamin B,. The needs for this vitamin were further augmented because 
the patient had exophthalmic goiter. Moreover, the presence of achlor- 
hydria may cause malabsorption of various essential foud products. The 
first patient did not show the proper response in the blood until nicotinic 
acid amide was administered in addition to the liver extract, and the 
second patient improved strikingly when vitamin B, was added to 
the diet. 

It is believed by Beiglbock ** that the vitamin B complex plays some 
role in the causation of pernicious anemia. In support of this he reports 
his observations on the therapeutic effect of yeast preparations on 4 
patients with the disease. Three patients gave a response to this material 
alone, and in the other an effect was obtained when yeast was supple- 
mented by gastric juice. The author emphasizes that the glossitis, the 
clinical evidences of subacute combined degeneration of the spinal cord 
and the polyneuritis were more favorably influenced by yeast than by 
liver extract. 

The London correspondent of The Journal of the American Medical 
Association makes some interesting observations concerning the availa- 
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Lility of liver in England and the treatment of pernicious anemia.*® On 
account of the present shortage of liver the Food Rationing Committee 
of the Medical Research Council was asked by the Ministry of Food to 
advise them concerning the requirements of fresh liver for the treatment 
of pernicious anemia. Their recommendation was that fresh liver is 
unnecessary except in those rare cases in which the parenteral injection 
of liver extract produces anaphylactic shock. They consider that treat- 
ment by parenteral injection is more efficient than treatment by the 
ingestion of raw or lightly cooked liver, and it is the cheapest method of 
therapy. It is emphasized that treatment cannot be considered as satis- 
factory unless the red cell count is maintained at 5,000,000 per cubic 
millimeter and the hemoglobin concentration at 100 per cent. With lower 
values, the patient may not have any complaints, but there is danger of 
development of subacute combined degeneration of the spinal cord. The 
amount of fresh liver necessary to maintain these values is such that few 
patients will take it indefinitely. On the other hand, the intramuscular 
injection of 1 to 2 cc. of liver extract at intervals of seldom less than one 
to two weeks is sufficient for maintenance of normal blood levels. The 
Committee does not advise the oral use of liquid or powdered prepara- 
tions of liver, for these, though efficacious, are uneconomical, as about 
fifty times as much liver is required as that needed when treatment is by 
the parenteral route. This objection does not apply to preparations 
made from stomach for oral administration. 

Witts ** draws attention to an interesting possibility when he reminds 
physicians that Rhoads and Miller in 1937 demonstrated that amino- 
pyrine wili depress red cell production in animals on a defective diet. 
Their work suggested that care should be used in prescribing this drug 
to patients with pernicious anemia. As an example of the harm which 
might follow its use, he cites the case of a 32 year old married woman 
physician with pernicious anemia who experienced a drop in hemoglobin 
concentration from 70 to 58 per cent despite weekly injections of liver 
extract. Several doses of the preparation were then given on alternate 
days, but the hemoglobin concentration continued to fall to 46 per cent. 
No evidence could be found of any important complication to explain 
this fall in hemoglobin, but it was discovered that she had been taking a 
hypnotic drug containing aminopyrine. When the drug was discon- 
tinued, although no other changes in treatment were made, reticulo- 
cytosis (31 per cent) and rapid improvement occurred. Within two 
months her hemoglobin concentration had increased to 92 per cent. 
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Changes in the Nervous System in Pernicious Anemia.—It is stated 
by Hemphill and Stengel ** that present knowledge is as yet incomplete of 
those diseases of the nervous system in which the myelin sheaths and the 
axis-cylinders are unsystematically affected, but in which the other 
elements of the nervous system are spared. The group of disorders in 
which these changes are associated with anemia is the most clearly 
defined. In case of such diseases, however, typical changes of subacute 
combined degeneration of the spinal cord may occur which are not 
accompanied by gross pathologic changes in the blood. An instance is 
presented of the typical picture of subacute combined degeneration with- 
out changes in the blood and another in which there was extensive 
involvement of the brain and the peripheral nerves. Although nothing 
can be said regarding the origin of the condition, the pathologic findings 
suggest the presence of a deficiency disease with a special tendency to 
produce demyelination and vascular changes of the brain and the lepto- 
meninges. 

Verbrugghen ** reviews the more common diseases of the spinal cord 
and includes subacute combined degeneration, which he states is usually 
associated with pernicious anemia but is rarely observed in association 
with long-continued cachexia or with sprue. It is emphasized that there 
is no constant parallelism between the extent of the manifestations in the 
nervous system and the alterations in the blood. He considers that the 
underlying cause of subacute combined degeneration is “probably” asso- 
ciated both with a disturbance of vitamin B metabolism and with an 
intrinsic gastric factor. Consequently, he believes that it is related to 
certain deficiency diseases, such as pellagra and lathyrism. He states 
that the disorder must be differentiated from multiple sclerosis, poly- 
neuritis, spinal cord compression, tabes dorsalis and Landry’s ascending 
paralysis. The oral administration of liver with the addition of vitamins 
A and B renders the outlook better than it has previously been con- 
sidered, but “it cannot be stated that it is possible to arrest the disease 
completely.” We are not in entire accord with this statement and believe 
that intensive treatment with liver extract may improve or at least arrest 
the manifestations in the nervous system in the great majority of cases. 

Turner ** reports 3 cases of optic atrophy in patients with pernicious 
anemia. In 2 instances it was the earliest symptom of the disease, and 
in 1 case it was preceded by fatigue for six months. There was no par- 
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ticular relation between visual failure and the degree of anemia. The 
differential diagnosis of tabetic optic atrophy, compression optic atrophy, 
scotomas due to cerebral tumors, Leber’s disease occurring late in life 
and tobacco amblyopia is discussed. The author recommends that the 
blood and the gastric secretions be examined for evidence of pernicious 
anemia in patients with bilateral optic atrophy occurring in middle life 
for which no adequate cause can be found. He considers that the prog- 
nosis for return of vision is good if the patients are treated early with 
injections of liver extract. Improvement is slow and may not be quite 
complete. The cause of the optic atrophy is considered by the author 
to be a deficiency of some unidentified factor which is present in liver, 
and the process may be similar to that observed in subacute combined 
degeneration of the spinal cord. 

From a review of the literature Wiltrakis and Partipilo ** conclude 
that mild mental changes occur in 35 to 40 per cent of patients with 
pernicious anemia, consisting of indolence, apathy, irritability, slight 
confusion and depression. In 4 to 7 per cent, more pronounced aberra- 
tions or psychoses are observed. Over a period of seven years, from 
1931 to 1938, the authors observed 24 persons with pernicious anemia 
among the mentally ill patients at the Elgin State Hospital, Elgin, III, an 
incidence of 0.18 per cent. In 8 of the 24 patients pernicious anemia was 
thought to be incidental, and in 16 it was considered that the anemia was 
definitely related to the mental changes. No characteristic reaction 
pattern was noted, but according to the literature and in the patients 
observed, paranoid and confused states and depressive features pre- 
dominated. Irritability was a prominent symptom. The prognosis in 
this type of psychosis is poor, but the patients should be given the benefit 
of prolonged and intensive anti-pernicious-anemia therapy. DeNatale * 
gives a review of the literature pertaining to the mental changes in 
patients with pernicious anemia and presents 5 illustrative cases encoun- 
tered at the Hudson River State Hospital, Poughkeepsie, N. Y. He con- 
cludes that there does not appear to be any well defined mental syndrome 
associated with pernicious anemia, but the symptom complexes char- 
acterized by irritability, suspiciousness, ideas of reference and well defined 
paranoid formulations are most commonly encountered. Causes are gen- 
erally found, either psychogenic or external, which in themselves would 
be sufficient to produce mental illness. Pernicious anemia per se may be 
considered as only an aggravating factor in the production of the 
psychosis. In his opinion, the prognosis in these disturbances is the 
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same as that in the reaction-types encountered without evidence of 
physical disease. 

Evans,** Emmett and Beare,** Nesbit and Gordon ** and Rose °° have 
all contributed articles dealing with the neurogenic bladder which are, 
therefore, of interest to those concerned with the management of patients 
with pernicious anemia, in whom bladder complications frequently occur. 

An excellent discussion of the more important points regarding the 
cause of the changes in the nervous system in pernicious anemia and their 
treatment is given by Woltman and Heck.*! They emphasize that early 
and efficient treatment is essential if irreparable damage to the nervous 
system is to be avoided. The most effective form of therapy, they agree, 
is the parenteral administration of liver extract, although they are not 
prepared to express themselves regarding the relative merits of the cruder 
and the more refined preparations. Apparently good results were 
observed after the use of either type when an adequate dose was 
employed. The intensity of the symptoms referable to the nervous 
system is not a criterion of the prognosis in their opinion, but of much 
greater importance is the duration of the manifestations. In general, it 
may be stated that after two years there is a steadily decreasing prospect 
of improvement. Some authors believe, however, that symptoms may 
diminish even after they have been present for as long as four years. 
Experience demonstrates that about 86 per cent of all patients with 
involvement of the nervous system will show evidence of improvement 
after adequate therapy and that this is most likely to occur after the third 
to the sixth month of therapy in those whose condition could be classified 
as mild or moderately severe. It should be noted, however, that a high 
degree of functional recovery may occur even when the pathologic 
changes are extensive. Although animal experimentation suggests that 
vitamin B may be related to the cause of the lesions of the nervous 
system, the authors are not in accord with those who believe that the 
administration of brewers’ yeast is helpful, and after a trial they dis- 
carded it as a therapeutic agent. Careful attention is given to the various 
conditions which may cause combined degeneration similar to that 
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observed in pernicious anemia. <A survey of the literature suggests that 
such a picture can be produced by chronic alcoholism, gastric carcinoma, 
obstruction and fistulas of the intestinal tract, the so-called prepernicious 
anemia and possibly scurvy. Less likely, but possibly, it may be asso- 
ciated with pancreatitis, pellagra, hemolytic icterus, amyotrophic lateral 
sclerosis and certain unclassified diseases. It is entirely possible that in 
all cases typical subacute combined degeneration of the spinal cord, of 
the type seen in pernicious anemia, may be due to one underlying cause, 
presumably nutritional and in the nature of a deficiency state. This, 
according to the authors, may perhaps be an absence of Castle’s intrinsic 
factor. In an effort to shed some light on the common cause of combined 
degeneration of the cord, approximately 2,000 cases were reviewed and 
careful consideration was given to the 77 in which free hydrochloric acid 
was present in the gastric secretions. Of these 77 cases, there were 8 in 
which signs of involvement of the posterior and the lateral columns of 
the spinal cord were present, and in addition, there was a symmetric, 
persistent paresthesia of the hands and feet. The clinical picture pre- 
sented, therefore, was exactly similar to that observed in association with 
pernicious anemia except for the presence of free hydrochloric acid. 
In 5 of these 8 cases there was evidence of a nutritional deficiency which 
may have been the etiologic factor responsible for the lesions of the 
nervous system. In the remaining 3 cases there was no indication that 
this was so. The authors believe that they can distinguish subacute 
combined degeneration of the spinal cord as seen in pernicious anemia 
from other types of “combined sclerosis” by the association with the 
former of persistent, symmetric paresthesia; impaired vibratory sense, 
and evidence of symmetric involvement. They discuss the question of 
peripheral nerve disturbances and conclude that such lesions contribute 
to the clinical picture, but to a limited degree only. A study by Davison ** 
of 10 patients with pernicious anemia and subacute combined degenera- 
tion of the cord who received liver showed that subjective improvement 
occurred in all patients except 1 whose condition could not be evaluated 
because he was seen only once. Moreover, there was evidence of objec- 
tive improvement in 3 of the 10 patients. Davison stresses that improve- 
ment in the neurologic manifestations of pernicious anemia may be due 
to amelioration of the general condition coincident with the disappearance 
of the anemia or to a reduction or destruction of the hypothetic toxin 
which affects the myelin sheaths and axis-cylinders. He considers, from 
observations made on a series of 10 patients, that the myelin sheaths are 
first attacked. Once the axis-cylinders are destroyed, their regeneration 


is problematic. An intense gliosis or glial productivity of the involved 
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pathways in the treated patients, in contrast to the poor gliosis which 
he observed in those who were untreated, is attributed to a reduction in 
the amount of potency of the hypothetic toxin. 

Zillhardt and his associates ** state that despite adequate liver therapy, 
certain residual neural manifestations are likely to remain in patients with 
pernicious anemia and changes in the spinal cord. It was the purpose of 
their studies to determine what relation, if any, the administration of 
vitamin B, might have on the neurologic changes in patients who had 
been treated adequately with liver extract over a period of time. Treat- 
ment with liver alone caused a striking initial improvement in the 
disturbances in the nervous system. When the neurologic status became 
stationary, a number of these patients were given thiamine intramus- 
cularly or orally, whereas others served as a control group, with only 
liver therapy continued. The authors’ observations led them to conclude 
that thiamine might have a beneficial effect on the residual manifesta- 
tions in the nervous system. Of the two preparations of thiamine 
hydrochloride employed, 3,000 international units of one administered 
intramuscularly three times a week was more effective than 900 interna- 
tional units of the other given orally twice daily. The maximum 
beneficial effect appeared to occur during the first two months of therapy, 
after which there was no further change. An additional study ** was 
made on 7 patients who were given 1 cc. of a preparation of vitamin B 
complex intramuscularly three times a week for three months, in addition 
to adequate liver therapy. It was concluded that with the exception of 
some improvement in the sense of well-being, the group which received 
the vitamin B complex intramuscularly showed little change in subjective 
and in objective signs in comparison with the control group. 

Mussio Fournier and Rawak* report the case of a 54 year old 
woman with subacute combined degeneration of the spinal cord who 
improved strikingly after the administration of raw liver by mouth and 
injections of liver extract and vitamin B,. The authors believe that 
vitamin B, is specific in the treatment of the neurologic complications of 
pernicious anemia and that the most satisfactory results are observed 
in patients who are treated early. 

A group of patients with the neurologic manifestations of pernicious 
anemia, consisting of 19 men and 8 women between the ages of 35 and 
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65 years, was studied by Rubegni.*® The evidences of involvement of 
the spinal cord varied from spastic paraplegia to simulation of tabes 
dorsalis and included peripheral types similar to various forms of poly- 
neuritis and cerebral forms manifesting themselves by mental distur- 
bances. After the administration of liver orally or parenterally a striking 
improvement resulted in all cases, except in instances of advanced lesions. 
In most instances the patients were able to resume work with only minor 
residual manifestations persisting. The author considers that liver 
therapy is of value especially when the liver is administered in large 
doses, over long intervals and before the lesions in the nervous system 
hecome advanced. 

Street and his co-workers ** have made a careful study of long-con- 
tinued subminimal vitamin B, deficiency in dogs. According to them, the 
earlier literature on the subject may be summarized as follows: Vitamin 
B, deficiency causes myelin degeneration of peripheral nerves, and some- 
times in the spinal cord, in several species of laboratory animals. In most 
instances the diets employed were deficient with respect to the entire 
vitamin B complex. More recent studies have suggested that the lesions 
due to vitamin B, deficiency may be central rather than peripheral. The 
authors observed dogs in which the stores of vitamin B, had been depleted 
and which were maintained in a state of subnutrition for seventy-six 
to two hundred and ninety-three days with exceedingly small amounts 
of vitamin B,. There developed a condition of moderate spasticity of 
the hindlegs, unsteadiness, staggering and vomiting. Histologic exam- 
ination of the nervous system revealed extensive myelin degeneration 
both of peripheral nerves and of the posterior columns. This would 
appear to be due chiefly to the lack of vitamin B, in the tissues, rather 
than to inanition accompanying the deficiency state. The reviewers wish 
to emphasize that, as recent studies by Field, Robinson and Melnick ** 
suggest, this vitamin is not absorbed normally in the presence of 
achlorhydria, which may be a factor in the production of at least part 
of the syndrome of subacute combined degeneration of the spinal cord in 
patients with pernicious anemia. 

Sensitivity to Liver Extract—The subject of sensitivity to paren- 
terally administered liver extract is discussed by Bynum,** and reference 
is made to six other articles dealing with this subject. He states that 
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the condition usually develops in patients who have received injections 
for some time or in patients who, after weeks or months of treatment, 
discontinue injections for a short period and then resume them. He cites 
Criep as stating that an organ, rather than a species, sensitivity, is 
involved. The patients whom Criep studied were susceptible to sheep, 
beef, and pork liver extract given either intramuscularly or intradermally. 
When they were tested with muscle protein extracts from these same 
species, reactions were not observed. In the case reported by Bynum 
the patient had typical allergic reactions when liver preparations were 
given, characterized by massive generalized urticaria, dyspnea and pro- 
nounced swelling of the tongue ; the reactions were promptly relieved by 
the administration of 5 minims (0.31 cc.) of a 1:1,000 solution of 
epinephrine hydrochloride. The patient was sensitive to many com- 
mercial liver preparations for parenteral or oral administration, and an 
attempt at desensitization by the administration of divided doses was 
unsuccessful. A deaminized liver product said to be free from protein 
and histamine was finally employed, and no manifestations of sensitivity 
were observed. Andrews © also reports an instance of sensitivity to liver 
extract, in which satisfactory desensitization was accomplished by inject- 
ing doses of increasing size on successive days. The author emphasizes 
the following points: The allergic state usually appears in patients who 
have had a number of injections of liver extract without ill effect; 
changing the brand of extract has not prevented the attacks ; any possible 
allergic manifestation, however mild, is an indication for caution in the 
administration of the next dose and suggests the advisability of a pre- 
liminary cutaneous test; desensitization may be effected in some cases, 
and it is usually advisable to start with small intradermal doses. 
Miscellaneous Observations Concerning Pernicious Anemia.—Neal * 
gives a résumé of present knowledge relating to the diagnosis of perni- 
cious anemia and emphasizes the importance of recognizing the disease 
in an early stage. He has devised an ingenious mechanical chart on 
which are listed twelve different types of positive diagnostic information. 
He states that for some patients all types may be supplied but that a score 
of 66 per cent indicates the possible or probable presence of pernicious 
anemia, whereas one of 40 per cent merely suggests that the presence 
of the disease should be suspected. We cannot advocate any such 
mechanical method for the diagnosis of pernicious anemia, since it gives 
equal weight to all twelve types of information, some of which are of no 
clinical importance. There are other points in the article with which 
we do not agree. For instance, it is difficult to believe that true 
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addisonian pernicious anemia has been shown to occur in a full-blooded 
Negro, although it has been observed frequently in mulattoes. 

Pernokis and Freeland ® report the results of chemical determinations 
performed on the blood of 15 patients with pernicious anemia in a state 
of relapse. The values for total lipoids were much above normal, but 
those for fatty acids, “lecithins” and lipoid phosphorus were greatly 
diminished. Cholesterol was present in slightly diminished or normal 
amounts, and the distribution between the free and the esterized form 
was normal. In only one of six determinations of amino acid was there 
an increase, while in the others it was within normal limits. The deter- 
mination of calcium, phosphorus, uric acid, creatinine, sugar, chloride, 
carbon dioxide, inorganic sulfates, ethereal sulfates, total proteins, 
albumin, and globulin gave normal results. All nonprotein and urea 
nitrogen estimations yielded results within normal limits except in 1 
patient. Results of four rose bengal hepatic function tests showed dye 
retention, and the result of the fifth was normal. The icterus index 
was increased in about three fourths of the patients. The basal metabolic 
rate was above normal in 80 per cent of the patients. One glutathione 
determination done on a patient with a severe degree of anemia showed 
14.5 mg. of reduced glutathione and none of the oxidized form per 
hundred cubic centimeters. This patient died two days later, and at 
necropsy a section taken from the liver and extracted with solution of 
sodium chloride showed 168.7 mg. of reduced glutathione per hundred 
grams of liver. No oxidized glutathione was demonstrated in the saline 
liver extract. 

A case is reported by Markowitz ® of severe macrocytic anemia, 
which he attributes to bone metastases from an adenocarcinoma of the 
stomach. Bone marrow obtained at necropsy was bright red, inter- 
spersed with small, purple-gray areas. On microscopic examination, 
large groups of tumor cells, with no definite arrangement, were seen 
invading the bone. 

Sterne, Schiro and Molle,** after a review of the literature, conclude — 
that most of the cases of disease designated as leukanemia must be 
rejected as failing to fulfil the requisites for the diagnosis of both 
pernicious anemia and leukemia. There can be no doubt, however, that 
a few well substantiated cases have been observed in which the two dis- 
eases have coexisted simultaneously in the same persons. The authors 
report the case of a woman, 57 years of age, who had a severe macrocytic 


62. Pernokis, E. W., and Freeland, M. R.: Blood Chemistry Determinations 
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63. Markowitz, B.: Bone Carcinomatosis Simulating Pernicious Anemia: A 
Case Report, Illinois M. J. 80:296, 1941. 

64. Sterne, E. H., Jr.; Schiro, H., and Molle, W. E.: Pernicious Anemia 
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anemia which responded promptly to liver extract. Four and one-half 
years later the patient died, and necropsy disclosed chronic myeloid 
leukemia and posterior (and suggestive lateral) degenerative changes in 
the spinal cord. The authors conclude that until further evidence is 
available concerning the fundamental defect in leukemia, such an associa- 
tion must be considered merely fortuitous. 


HYPOCHROMIC ANEMIAS 


Hypochromic and Microcytic Anemia in Adults —The subject of 
chlorosis is discussed by Olef,®* who reports observations made on 8 
patients. He emphasizes the occurrence of thrombocytosis in them, a 
finding in contrast to the low platelet counts usually encountered in 
persons with pernicious anemia and idiopathic hypochromic anemia. 
Four of the author’s patients exhibited histamine-refractory achlorhydria ; 
the others had various degrees of hypochlorhydria. He concludes 
that chlorosis is a distinct disease entity and that the severe form is rare, 
but that milder forms are common. Olef proposes as a substitute for 
chlorosis the term hypochromic iron deficiency anemia of adolescence, 
frequently associated with achlorhydria. However, the very attempt at 
comprehensiveness which this designation implies makes it inadequate, 
since the disorder is also frequently associated with endocrine dysfunc- 
tion, unrecognized hypermenorrhea and nutritional deficiency. 

Chlorosis has also been made the subject of a communication by 
Alsted.®° He reports 6 cases of the disease encountered during a period 
of ten years in Medical Department B, Frederiksberg Hospital, Copen- 
hagen, Denmark. His patients were somewhat older than the majority 
of patients in the cases of chlorosis reported in the past. He suggests 
nutritional deficiency as a possible etiologic factor and regards as proba- 
bly significant the fact that in two thirds of his cases the patients were 
admitted during the darkest season of the year. Alsted employs the 
following criteria for the diagnosis of chlorosis: hypochromic anemia 
which responds to iron therapy, absence of pathologic bleeding, absence 
of severe gastrointestinal disorders and presence of hydrochloric acid in 
the gastric secretions. He suggests that the term essential juvenile iron 
deficiency anemia replace chlorosis. We object to the designation essen- 
tial in describing the type of anemia under consideration, since its use 
might tend to discourage search for etiologic factors, which, in our 
opinion, can usually be found. The exclusion of patients with 
achlorhydria from the group with the disorder under discussion seems 
to us arbitrary, since the presence of gastric hydrochloric acid was 
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certainly not a universal finding in cases of classic chlorosis, nor does 
such a limitation appear to further the understanding of the pathogenesis 
of this disorder. 

Four patients with dysphagia and anemia were examined roent- 
genologically by Johnstone.** In each an obstruction was found in the 
postcricoid region. The roentgen diagnoses were subsequently con- 
firmed by endoscopy, although in 1 patient malignant changes in the 
adjacent mucosa were also observed. 

Two interesting cases of hypochromic anemia associated with inter- 
stitial cystitis, or Hunner’s ulcer, are reported by Robb.** In the first 
case the patient was a woman aged 57 who was believed to have suffered 
with hypochromic anemia for as long as twenty years. During the last 
six years of her illness she had experienced severe symptoms referable 
to the bladder. The diagnosis of Hunner’s ulcer was made, and partial 
cystectomy was performed. The aforementioned symptoms persisted, 
however, until iron therapy was instituted, when they disappeared 
completely. In the second case the patient was a woman aged 48 who 
had hypochromic anemia of many years’ standing, dysphagia, a pre- 
cancerous buccal lesion and interstitial cystitis with severe urinary 
symptoms. The author draws an analogy between the lesions of the 
bladder observed in these patients and the buccopharyngeal changes 
encountered frequently in patients with chronic hypochromic anemia. 

The association of gastric secretory abnormalities and anemia is 
emphasized by Sandorf and Davidhoff,°® who report a number of cases 
illustrating this relation. They suggest the term achylia gastrica anemia 
as a designation for addisonian pernicious anemia and the name 
achlorhydric anemia for hypochromic anemia associated with absence 
of hydrochloric acid but not of gastric enzymes. 

Two cases of primary, or idiopathic, hypochromic anemia terminating 
in pernicious anemia which are reported by Miller and Dameshek *” 
have already been discussed in the section “Relation Between Pernicious 
Anemia and Other Diseases.” In both cases the patients were females 
who were known to have had hypochromic anemia with achlorhydria 
for a number of years before the hematologic features of pernicious 
anemia developed. A specific therapeutic response was obtained in each 
instance. 


67. Johnstone, A. S.: Some Radiological Observations on Post-Cricoid Obstruc- 
tion and Anaemia, Brit. J. Radiol. 14:177, 1941. 
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J. Surg. 10:393, 1941. 

69. Sandorf, M., and Davidhoff, M.: Gastric Anemia Syndromes, M. Bull. 
Vet. Admin. 17:366, 1941. 
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A case of advanced gout of twenty-eight years’ duration occurring 
in a male and associated with chronic alcoholism and extremely severe 
hypochromic anemia is reported by Lambie and Davies.”° There was 
no history of loss of blood. The patient died in cardiac decompensation, 
and necropsy was performed. 

Hematologic studies were carried out by McIntosh and Morris" 
on 1,059 residents of Glasgow, Scotland, who were receiving public 
assistance. Hypochromic anemia was prevalent in children below the 
age of 4 years and in women during the reproductive period of life. 
The incidence of anemia was low in school children, in men and in 
women above the age of 50. In children important etiologic factors 
were inadequate intake of iron, low birth weight and probably recurring 
infections of the respiratory tract. Pregnancy, childbirth, lactation and, 
to a less extent, menorrhagia were considered of importance in causing 
anemia in women. The authors observed an inverse relation between 
the hemoglobin level and the dose of iron required for a satisfactory 
hemopoietic response. 

Further investigations of the anemia prevalent among coolies working 
in Indian tea gardens are reported by Hare.** He concludes that 
deficiencies of vitamins, animal protein and calcium are all of importance 
in the causation of such anemia and account for the large incidence of 
low hemoglobin levels in growing children. 

Of 364 college women examined by Pryor and Ferguson,’* 145 
had hemoglobin levels which the authors considered below the nor- 
mal range. Dysmenorrhea was commonly associated with anemia, 
and the incidence of low hemoglobin values was greater among young 
women of linear constitution. A group of 100 female students between 
the ages of 15 and 23 was studied by Sister Mary Alcuin Arens ** with 
particular reference to the status of the blood and the gastric secretion 
of hydrochloric acid. No statistically significant correlation between 
these values was established. 

Few important contributions to the therapy of hypochromic anemia 
have appeared during the past year. Eleven patients suffering with 
peptic ulcer and hypochromic anemia were treated by Ehrenfeld and 
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Wallace ** with an antacid consisting of a mixture of iron and aluminum 
hydroxides. The dose employed supplied daily 0.24 Gm. of iron, or 
the iron equivalent of slightly more than 1.0 Gm. of ferrous sulfate. 
Satisfactory hemoglobin regeneration without evidence of gastric irrita- 
tion was observed in patients receiving this form of therapy. 

In 27 active professional blood donors Santy ** compared hemoglobin 
regeneration during periods in which medicinal iron was given and that 
during others in which it was withheld. The preparation used was 
ferrous sulfate in a dose of 0.2 Gm. three times a day. The author 
reports that hemoglobin regeneration after blood donation took place 
eight times more rapidly when iron therapy was instituted. The return 
to the predonation hemoglobin level after withdrawal of 500 cc. of blood 
was complete in an average of eleven days in the case of iron-treated 
donors. 

Several articles dealing with the therapy of hypochromic anemia 
have been contributed by Fowler and Barer.** One group of patients 
with mild anemia was treated with 1 Gm. of iron and ammonium citrates 
daily, and to another series with similar hemoglobin levels 1 Gm. of 
reduced iron U. S. P. was administered daily. Treatment in every 
instance was discontinued after sixty days. Increases in hemoglobin 
were observed in all of the patients, attaining a maximum value at the 
end of ten weeks and subsequently declining to the pretreatment level, 
usually after the lapse of twenty-six weeks. Other comparable subjects 
were treated in the same manner except that iron therapy was not 
discontinued. The same rise and subsequent fall of the hemoglobin 
level was observed in these patients, in spite of uninterrupted medication. 
Twelve healthy males possessing high hemoglobin values were treated 
in a similar manner. In these subjects also the hemoglobin values 
increased, although in relatively slight degree, and later declined. The 
data reported give support to the opinion expressed in the past by many 
authors that medicinal iron possesses a stimulant action in hemopoiesis 
in addition to its role in replacement therapy. Fowler and Barer report 
that the effects of relatively small doses of iron and ammonium citrates 
on hemoglobin formation by adults with mild hypochromic anemia were 
not enhanced by supplements of copper sulfate. 
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The question of the relation of vitamin C deficiency to iron 
metabolism and hypochromic anemia has been reopened in two papers. 
Lozner ** observed 5 persons with presumptive vitamin C deficiency as 
evidenced by absence of reduced ascorbic acid in the blood plasma. 
Three of the patients exhibited clinical signs of scurvy; 1 suffered with 
pellagra, and 1 had idiopathic hypochromic anemia. The diet supplied 
during the period of observation was low in vitamin C and the vitamin 
3 complex. In 4 of the patients hemoglobin increases occurred spon- 
taneously or in response to iron medication. The author concludes that 
hemoglobin regeneration may occur in the absence of reduced ascorbic 
acid from the blood plasma, as determined by chemical test. 

Liu and associates ** conducted a survey of 238 Chinese boys between 
the ages of 11 and 20 who were inmates of a municipal institution. Over 
one half of the subjects were anemic. Sixteen boys suffering with 
anemia were studied in detail. Eight were given 50 mg. of ascorbic 
acid daily for four weeks. The other 8 boys received 1.5 Gm. of ferrous 
carbonate daily for the same length of time. Although in the former 
group the administration of ascorbic acid was accompanied by an increase 
in the plasma content of ascorbic acid from an average of 0.23 to an 
average of 0.91 mg. per hundred cubic centimeters, no effects were 
observed either on the hemoglobin content or on the hematocrit reading. 
In the latter group the institution of iron therapy was followed in most 
cases by significant increases in red cell count, hemoglobin content and 
hematocrit reading, although the subnormal value of the plasma ascorbic 
acid persisted unchanged. The authors conclude that whereas anemia 
is commonly associated with vitamin C deficiency, the first-named dis- 
order, in all probability, is due to a concomitant deficiency of iron. 

Blcod studies made on 4,644 private patients revealed an incidence 
of hypochromic anemia in 38 per cent, according to a report by Bunce 
and his associates.*° The ratio of females to males with iron deficiency 
anemia was 4:1. The important etiologic factors included chronic loss 
of blood, poor diet, gastric anacidity, hypothyroidism, pregnancy and 
chronic infections. 

A form of familial microcytic anemia refractory to all forms of 
therapy employed is described by Strauss, Daland and Fox.®' The 
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disorder was observed in 6 members of an Italian family. There was 
no evidence of increased hemolysis; the resistance of the erythrocytes 
to hypotonic solution of sodium chloride was greater than normal, and 
no increase of the serum bilirubin or the urine urobilinogen was 
observed. The red cells were small; the mean corpuscular hemoglobin 
content was correspondingly low, and the mean corpuscular hemoglobin 
concentration was nearly normal. Roentgen examination of the skulls 
of the subjects revealed a granular appearance. The disorder was 
inherited as a mendelian dominant. 

A review of the present status of iron therapy has been written by 
Nelson.*? He emphasizes the superior therapeutic properties of ferrous 
preparations. Much of importance is contained in an article by Kruse 
and Butler ** dealing with vitamin and mineral deficiencies. An inter- 
esting account of the origin and early use of Blaud’s pills (ferrous 
carbonate) has been published by Neuroth and Lee.** Fisher and 
Peabody ** observed that ferrous sulfate fails to oxidize when dissolved 
in aqueous liver extract. From 50 to 95 per cent of ferric iron added to 
liver extract underwent reduction to the ferrous state. The author 
suggests that the efficacy of combinations of liver extract and iron salts 
in the treatment of hypochromic anemia may be partly due to the action of 
the liver extract in supplying or maintaining iron in the bivalent form. 
Clarke’s formula for an inexpensive easily prepared and relatively stable 
syrup of ferrous sulfate is reported by an anonymous author.“* The 
stability of the preparation is maintained by its content of citric acid and 
simple syrup. 

Hemopoiesis and Nutritional Anemia in Children.—-A valuable con- 
tribution by Gilmour *? described the embryonic development of human 
blood vessels and cells up to the establishment of a complete circulation. 
For this phase of the work the author had access to a large number of 
presomite and somite embryos. The later development of the cells of the 
blood from the fourth week of intrauterine life until birth is also described 
in detail. Shapiro and Bassen ** report results of peripheral blood studies 
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and examinations of aspirated sternal marrow performed on 35 normal 
full term infants during the first twenty-four hours of life and again 
one week later. Moderate declines in erythrocyte counts and hemoglobin 
values and sharp falls in reticulocyte and leukocyte counts were observed. 
At the end of the first week a change had occurred from myeloid to 
lymphocytic predominance in the white cells of the circulating blood. 
A significant decrease in the erythroid elements of the sternal marrow, 
with diminished erythropoiesis, was noted during the first week of 
life. 

The placentas obtained from 260 women, of whom 200 were at full 

term, were examined by Anderson ** with reference to the percentage 
incidence of nucleated erythrocytes. One thousand red cells were counted 
within the lumens of the chorionic capillaries, and the ratio of nucleated 
to nonnucleated cells were ascertained. The author found that up to 
the sixth or the seventh week of gestation practically all of the erythro- 
cytes observed were nucleated, by the twelfth week less than 1 per cent 
of nucleated forms were found and in 83.5 per cent of full term preg- 
nancies counts of 1,000 red cells were made without the observation of a 
single nucleated erythrocyte. 
“ The blood values of 15 healthy institutionalized infants were deter- 
mined by Washburn.” The author suggests that the observed decreases 
in erythrocyte count, hemoglobin level and packed cell volume occurring 
during the first six to nine weeks are due to two causes: rapid increase 
in total body mass, with a parallel increase in the plasma volume and 
consequent dilution of the red cell mass, and abrupt decrease in reticulo- 
cytes, indicating a sudden decline in production of erythrocytes to an 
extent insufficient for the maintenance of the original red cell level. 
A rise in the number of reticulocytes occurs at about the fifth to the 
eighth week of life, followed by increases in the erythrocyte count and 
the hemoglobin level. It is believed by the author that the period of 
accelerated erythropoiesis is brought about in response to the stimulus 
of oxygen lack. The postnatal hemopoietic adjustment period for most 
healthy babies appears to extend throughout the first fifteen to twenty 
weeks of life. 

Hematologic standards for healthy newborn infants have been devised 
by Chuinard, Osgood and Ellis.*t The effects of early clamping of the 
cord and consequent deprivation of the infant of placental blood have 
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been studied extensively by Windle and his associates.** These 
investigators found that the erythrocyte count and the hemoglobin level 
at birth were unaffected by early or late tying of the umbilical cord. 
However, a difference was soon observed, and throughout the first 
week of life the average hemoglobin level of infants whose cords were 
tied late was 22.1 Gm. per hundred cubic centimeters in comparison to 
a value of 19.5 Gm. in the case of infants subjected to early clamping 
of the cord. The same authors submit evidence indicative of an average 
loss of 105 cc. of blood to the infant by tying of the cord immediately 
after birth. By calculation it is shown that such a loss can account for 
a negative difference of nearly 3 Gm. of hemoglobin per hundred cubic 
centimeters at 6 and at 9 months of age. The actual lowering of 
the hemoglobin value attributable to deprivation of placental blood, as 
observed in a group of 28 infants aged 8 to 10 months, was slightly 
greater than 1 Gm. per hundred cubic centimeters. The conclusion is 
reached that deprivation of placental blood may be an important factor 
in the development of iron deficiency anemia during the first vear of life, 
and the practice of clamping the umbilical cord before pulsations have 
ceased is condemned. 

The subject of anemias of early and of late infancy was discussed 
comprehensively at the tenth annual meeting of the American Academy 
of Pediatrics.** Strong *** defines anemia of prematurity as a physiologic 
anemia of an infant with an impaired anatomic and physiologic develop- 
ment and considers that lack of iron is not a factor in its causation. 
Windle **® finds no correlation between the incidence of maternal and 
of infant anemia. With this finding we are in disagreement, since we 
have observed iron deficiency anemia during the first year of life in the 
majority of infants born of mothers suffering with untreated hypo- 
chromic anemia during pregnancy.** 

Two hundred and seventy-seven healthy infants living in the suburbs 
of Sydney, Australia, were studied by Cunningham * with respect to 
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the incidence of nutritional anemia. The average age of the subjects 
was 9 months; the average hemoglobin content was 11.5 Gm. per 
hundred cubic centimeters, and the average erythrocyte count was 
4,330,000 per cubic millimeter. The incidence of nutritional anemia was 
7.6 per cent. Twins and children born prematurely tended to exhibit 
hematologic values below the average. No correlation was apparent 
between the maternal and the infant hemoglobin levels, and no increased 
incidence of morbidity was encountered among the children with sub- 
normal blood values. It should be pointed out that the nutritional status 
both of the mothers and of the infants comprising this series was 
generally superior to that encountered in large urban populations. 

Two cases of congenital diaphragmatic hernia, in 1 of which the 
patient was suffering with extremely severe hypochromic anemia, are 
reported by Isizaka.** A dramatic response to parenteral liver therapy 
in the case of a 3 month old infant suffering with hyperchromic anemia 
is reported by Cole.** The general subject of the therapy of nutritional 
anemia in infancy is considered by Stewart °° and McAlpine.*® The 
latter author discusses various forms of medicinal iron suitable for 
administration to babies. 

The relation of anemia to hookworm infection in children aged 6 
to 14 years living in rural counties of North Carolina was studied by 
Brown and Otto.*’? Hookworm infection was demonstrated in 42 
per cent of the subjects. There was no greater incidence of anemia in 
the group proved to be infected, but the hemoglobin levels of all the 
subjects were either subnormal or at the lower limits of normal. Hemo- 
globin deficiency was attributed to many factors, such as infection with 
hookworm or with malarial organisms and nutritional inadequacies. 

The iron intake and excretion of healthy preschool children was 
measured by Porter.’°' The replacement of 1 ounce (28 Gm.) daily of 
plain farina by the same quantity of farina fortified with irradiated yeast 
failed to affect significantly the amount of iron retained by the subjects. 
In a series of children of Mexican origin Breazeale and Greene ‘°° found 
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slightly lower erythrocyte counts and hemoglobin values than those 
reported for American children of corresponding age groups. Wiehl *°° 
found evidence of continuous changes in red cell counts and hemoglobin 
levels throughout adolescence. The subjects were from families of 
superior economic circumstances and ranged in age from 12 to 18 years. 
Detailed data are supplied, and the author concludes that in the evalua- 
tion of the blood status of growing children standards based on sex 
and the year of age should be employed. Leichsenring and her 
co-workers ?°* examined the blood of 258 high school girls between the 
ages of 12 and 19 years. The results are tabulated as follows: 


Hemoglobin content, Gm./100 cc..............-. 12.21 + 08 
Erythrocyte count, cells per cu. mm............. 4,150,000 + 240,000 
Leukocyte count, cells per cu. mm............... 7,340 + 1,770 
Reticulocytes, % ..........ccceeeeees Patten ss 1.08 + 0.65 
Mean erythrocyte diameter, microns............ 73 = OZ 


Anemia in Pregnancy.—Little of importance has been contributed 
during the past year to the literature on the subject of anemia in 
pregnancy. Etiologic factors responsible for lowered erythrocyte counts 
and hemoglobin levels during gestation are discussed by Sturgis.*® He 
emphasizes the*prevalence of anemia associated with the gravid state 
and points out the value of prophylactic and corrective therapy in 
combating iron deficiency and the importance of the diet of the 
pregnant woman, particularly with respect to its content of protein from 
animal sources. 

Chemical and cellular studies of the blood were made by Mull and 
Bill '®® on 30 dispensary patients whose normal pregnancies were at 
term. The erythrocyte count averaged 3,780,000 per cubic millimeter ; 
the hemoglobin content, 11 Gm. per hundred cubic centimeters, and 
the packed cell volume, 28.5 per cent. These values, particularly the 
last, are considerably below those reported earlier by Bethell. The 
authors were unable to detect a relation between the results of blood 
studies and the age or number of pregnancies of the subjects composing 
their series. 

Four hundred and fifty-six pregnant women of low economic status 
were studied by Bibb’ with reference to dietary deficiencies, serum 
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protein levels, hemoglobin values and incidence of toxemia. Low values 
for serum protein were much more common among women with evidence 
of toxemia than in the series as a whole. The incidence of anemia 
appeared to be greatest after the fifth month of gestation and was usually 
hypochromic. The average daily intake of dietary iron was said to be 
10 mg. An apparent relation existed between low hemoglobin values 
and low intake of protein but not between subnormal hemoglobin levels 
and dietary deficiencies of iron. Khan ?°’ studied the blood values and 
food consumption of 22 mothers of working class families. Twelve 
of the subjects were considered anemic, but the criterion of anemia 
accepted by the author, a hemoglobin level of 13 Gm. per hundred cubic 
centimeters, is undoubtedly too high. No relation was found between 
the hemoglobin values and the intake of protein, iron, copper or calcium. 


Iron Metabolism and Experimental Anemia.—Much progress in the 
elucidation of the problems of absorption, transport, storage, utilization 
and excretion of iron and of the metabolism of intermediary iron- 
containing compounds within the body may be expected as its radioactive 
isotope becomes more generally available for clinical and experimental 
investigations. Only an occasional brief report dealing chiefly with 
limited observations on animals appears in the current literature. 
Balfour *°* observed that in a typical experiment a normal dog absorbed 
1.3 per cent of a single dose of 130 mg. of iron containing the radioactive 
isotope. When the animal was made acutely anemic by removal of two 
thirds of its total circulating blood and twenty-four hours later was 
given an equal dose of iron, the percentage of absorption was the same, 
but when the dog’s hemoglobin was allowed to return to a level near 
normal at the expense of its storage supply of iron, the absorption of 
an orally administered dose of the metal approximated 10 per cent. 
The author inferred from these observations that a tissue factor, possibly 
related to the content of iron in the intestinal mucosa, was responsible 
for the heightened absorption by the iron-depleted animal. 

Moore, Roberts and Minnich? confirmed the observations of 
Balfour, Hahn, Whipple and their associates that iron-deficient dogs 
absorb a much greater proportion of orally ingested iron than do normal 
animals. They also found that normal dogs which had been subjected 
to one massive hemorrhage seven days before receiving iron absorbed 
quantities which closely approximated those absorbed by anemic animals. 


107. Khan, N. U.: Diet of Anaemic Women, Lancet 1:11, 1941. 

108. Balfour, W. M.: Factors Regulating the Absorption of Iron in Dogs as 
Measured with the Radioactive Isotope, Am. J. Path. 17:438, 1941. 

109. Moore, C. V.; Roberts, H., and Minnich, V.: A Study of the Selective 
Absorption of Iron with the Aid of Its Radioactive Isotope, J. Clin. Investigation 
20: 436, 1941. 





BETHELL ET AL—BLOOD 897 


The level of plasma iron was not the controlling factor which determined 
the extent of iron absorption. Ross and Chapin ''® observed that adults 
with normal blood and presumably adequate reserves of iron absorbed 
only small quantities of the radioactive isotope in contrast to the large 
amounts assimilated by patients with hypochromic anemia. Patients 
with untreated pernicious anemia, in whom presumably no iron deficiency 
existed, absorbed only negligible amounts of iron. The authors arrived 
at the same conclusion reached by Balfour, that the selective absorption 
of iron is controlled by the amount of tissue iron present in the gastro- 
intestinal mucosa. Radioactive iron was fed to 2 cows by Erf,’™ and 
the percentage of orally administered iron secreted in the milk was 
measured during a seventy-two hour period. The values were 1.5 and 
2.5 per cent, respectively, for the 2 animals. The blood content of 
radioactive iron was almost the same in the 2 cows despite the fact that 
the iron reservoirs of 1 of the animals had been supposedly saturated 
by the previous administration of 8 Gm. of ferrous sulfate twice daily 
for twelve days. 

By means of experiments on their standardized anemic dogs 
Robscheit-Robbins and Whipple '!? have added corroborative evidence 
to the clinical observation that the rate of hemoglobin production bears 
a direct relation to the severity of iron deficiency anemia at the time of 
institution of specific therapy. In their experiments hemoglobin output 
rather than increase in the hemoglobin level of the blood was measured, 
and it was found that the maximum stimulus to the formation of 
hemoglobin occurred when the blood level was maintained at 6 Gm. per 
hundred cubic centimeters. When the standardized value was 11 Gm. 
the production of new hemoglobin amounted to two thirds of that 
obtained when the stimulus was maximal. These authors were able to 
demonstrate that in cases of simultaneous deficits of hemoglobin and of 
plasma protein, there was a tendency in anemic dogs toward the pro- 
duction of hemoglobin, regardless of the type of dietary protein supplied. 
They suggested that anoxemia and possibly other factors acted as stimuli 
to the formation of hemoglobin. 

Hypochromic anemia was observed in rats by Vollmer and Melde *** 
after prolonged feeding of cow’s, sheep’s or goat’s milk. Anemia pro- 
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duced by a diet of goat’s or sheep’s milk could be lessened or entirely 
corrected by the addition of carrots to the diet of the milk-producing 
animals. Sheep’s milk anemia was successfully treated by feeding the 
rats a mixed diet, and its disappearance was hastened by the addition 
of carrot juice to their diet. 

The effects produced in dogs by prolonged deficiency of vitamin B, 
have been studied by Street, Cowgill and Zimmermann.''* Severe hypo- 
chromic anemia developed within one hundred and twenty to three 
hundred and twenty days. Rapid improvement followed the administra- 
tion of vitamin B,, whereas ferrous sulfate was without effect on the 
anemia. Other abnormalities noted in the dogs suffering with a lack 
of vitamin B, were signs of cardiac insufficiency with hypertrophy of 
the right side of the heart and chronic passive congestion of the liver. 
Degenerative changes were observed in the myelin sheaths of the 
peripheral nerves and in the spinal cords of the experimental animals. 

The role of cobalt in hemopoiesis continues to excite considerable 
interest, although as yet the fundamental question of whether cobalt 
is essential for the formation of hemoglobin by man or experimental 
animals has not been answered. The uncertainties of the problem are 
well expressed by Frost and his collaborators,"** who conclude that their 
failure to obtain uniform results from cobalt may be due either to lack 
of specificity of its action or to the unavoidable cobalt content of their 
experimental diets, which may have satisfied the minimum requirements 
of their animals. These authors observed anemia in 2 puppies weaned 
and maintained on cow’s milk and were able only partially to elevate the 
hemoglobin values by means of iron and copper. The addition of 0.1 
mg. of cobalt to the daily diet of each of these 2 animals led to a 
further rapid increase. But in other controlled experiments involving 
dietary deficiency and hemorrhagic anemia no supplementary action of 
cobalt on hemoglobin formation could be demonstrated. Frost and his 
co-workers *'® also showed that in the case of dogs made anemic by 
hemorrhage the administration of cobalt prior to treatment with iron 
and copper appeared to prevent the expected therapeutic response to 
the latter substances. On the other hand, dried whole liver or liver 
extract effected rapid hemopoiesis in the cobalt-treated anemic animals. 
This result the authors attributed to some substance present in liver 
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other than iron, copper or vitamin B,. The same workers produced 
transient polycythemia in adult dogs by the addition of 3 to 6 mg. of 
cobalt per kilogram to the daily food ration. Cobalt fed to young dogs 
apparently possessed toxic properties and produced no changes in the 
blood. Copp and Greenberg **’ studied the metabolism of cobalt by 
means of its radioactive isotope. They found that cobalt was excreted 
chiefly in the urine and that after even minute doses, such as 10 micro- 
grams, administered to a rat, most of the metal was quickly eliminated. 
In experiments of this type less than 5 per cent of the cobalt was found 
in the body after four days, indicating that the tissue requirements must 
be small. 

Anemia developed in albino rats fed a diet containing deaminized 
casein, deficient in lysine, as the sole source of protein, according to 
Hogan and his associates.1** If rats already anemic as the result of 
an exclusive milk diet are used in such experiments, the effects of 
lysine deficiency may be demonstrated more rapidly. The authors con- 
clude that lysine is the antianemic factor present in casein and that it 
is the only essential amino acid the deficiency of which in deaminized 
casein is demonstrable by biologic experiments. As a preventive and 
corrective measure 130 mg. of lysine proved, in the authors’ studies, 
slightly more efficacious than half this amount. They suggest that 
lysine may prove of importance in normal erythropoiesis. 

A severe anemia of fish apparently due to nutritional deficiency has 
been described by Simmons and Norris."** It develops in spite of a high 
protein diet, with yeast as a source of the vitamin B complex. The 
anemia can be corrected by dietary supplements of whole liver, liver 
extract or fly maggots and by the injection of liver extract. Xanth- 
opterin, either obtained from human urine or prepared synthetically, 
was found to be as efficacious as a refined and concentrated liver extract 
in curing the anemia of fingerling chinook salmon. 

The injection into rabbits of small sublethal doses of tetanus toxin 
produces an anemia of hypochromic type, according to Farkas and 
Kligler.°° When specific antitoxin was administered, reticulocytosis 
was observed, with a rapid return of the blood values to normal. 
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The intake and excretion of iron by 4 healthy college girls were 
measured by Leverton.’** The subjects were studied for three to eight 
months and received diets considered adequate except that the iron 
content was restricted to 3.5 to 4.5 mg. daily. The loss of iron exceeded 
the intake by 0.33 mg. daily when only 3 to 5 mg. was provided by the 
food. When a daily intake of 6.55 mg. was supplied, there was an 
average retention of 2.14 mg. The serum iron was decreased while the 
subjects were maintained on a low iron regimen and varied directly with 
the intake. To the author, these results suggest that no emphasis need 
be placed on amounts of iron exceeding 6.5 mg. daily in the diets of 
normal young women. 

The site of absorption of iron from the gastrointestinal tract was 
investigated by Arrowsmith and Minnich.’** Their data indicate that 
absorption occurs most readily in the stomach and duodenum, to a 
smaller degree in the jejunum and to an even lesser degree in the ileum. 
There was, however, no differentiation possible between absorption from 
the stomach and that from the duodenum. 

The absorption of copper and the concentration of copper in the 
serum after oral ingestion of copper salts have been made the subject 
of study by Sachs and his co-workers.'** The average basal level of 
copper in human serum was found to be 0.066 mg. per hundred cubic 
centimeters. The values obtained two hours after the ingestion of 2 to 
16 mg. of copper sulfate (CuSO,.5H,O) ranged between 0.090 and 
0.110 mg. per hundred cubic centimeters. The authors conclude that 
copper is transported in the plasma in the same manner as iron. Experi- 
ments with isolated intestinal loops in dogs indicate that iron is absorbed 
chiefly in the upper and the middle jejunal loop and copper almost 
exclusively in the upper jejunal loop. 


HEMOLYTIC AND ERYTHROBLASTIC ANEMIAS 


Acquired and Congenital Hemolytic Jaundice —Fundamentally 
important additions to the knowledge of the pathogenesis of anemias 
have in the past two years been limited to studies relative to factors 


121. Leverton, R. M.: Iron Metabolism in Human Subjects on Daily Intakes 
of Less than 5 Mg., J. Nutrition 21:617, 1941. 

122. Arrowsmith, W. R., and Minnich, V.: Site of Absorption of Iron from 
the Gastro-Intestinal Tract, J. A. M. A. 116:2427 (May 24) 1941. 

123. Sachs, A.; Levine, V. E.; Anderson, A. C., and Schmidt, A.: Studies on 
the Metabolism of Iron and Copper: Method for the Determination of Iron and 
Copper in Blood Serum, J. Lab. & Clin. Med. 26:734, 1941; Rise in Serum 
Copper Following Oral Administration of Copper Sulphate, Proc. Soc. Exper. 
Biol. & Med. 46:192, 1941. Sachs, A.; Levine, V., and Hughes, R.: Serum 
Copper and Iron, Proc. Central Soc. Clin. Research 14:53, 1941. 





BETHELL ET AL—BLOOD 901 


responsible for the increased rate of destruction of circulating erythro- 
cytes. Of greatest interest are the discoveries pertaining to the cause 
of erythroblastosis foetalis and certain hemolytic transfusion reactions 
and the demonstration that the spherical and fragile cell characteristic 
of familial hemolytic icterus does not, in all probability, represent an 
inborn error of erythrocyte formation but is the effect of extrinsic agents 
acting on the cell during its sojourn in the blood stream. Contributions 
in support of this concept were reviewed last year,’*** and more recent 
substantiating evidence has been forthcoming 

The symptomatic and “acquired” types of hemolytic jaundice are dis- 
cussed by a number of authors. Singer and Dameshek '** point out that 
“neoplasms, both benign and malignant, are occasionally associated with 
a hemolytic spherocytic process.” In addition, infectious and metabolic 
disorders may lead to an increased rate of erythrocyte destruction. The 
authors cite cases of dermoid cyst, pancreatic lymphosarcoma, Hodgkin's 
disease, lymphocytic leukemia, aleukemic leukemia, hepatic disease and 
lobar pneumonia, all accompanied by hemolytic anemia. In the case of 
pneumonia isohemolysins were demonstrated. In all cases the patients 
exhibited spherocytosis, and increased fragility was demonstrated in 
many instances. Various etiologic agents and mechanisms responsible 
for heightened red cell destruction are mentioned by the authors, includ- 
ing hemolysins, agglutinins, complement activity, mechanically induced 
trauma and damaged erythrocytes. In cases of the disorders reported 
the authors feel that splenectomy may be valueless, but that treatment of 
the underlying cause, such as removal of a dermoid cyst, is often cura- 
tive. 

A case of hemolytic jaundice considered to be of the acquired type is 
reported by Cook and Kotner.'®® In this case the patient was extremely 
ill and exhibited severe anemia, jaundice, an enlarged spleen, fever and 
reticulocytosis (92 per cent). Increased fragility of the erythrocytes was 
demonstrated. Cure was effected by splenectomy, and seven months 
after operation spherocytes were not found and results of the fragility 
test were normal. Fowler *** believes that “undoubtedly most cases of 
primary hemolytic icterus are of the familial or congenital type.” He 
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reports 13 cases considered to represent instances of acquired hemolytic 
anemia. The group is heterogeneous, made up of cases of anemia for 
the most part obviously secondary to some other serious disorder, but in 
a few instances of apparent primary type. The author’s data are scanty, 
but increased erythrocyte fragility was found in a number of instances. 
Fowler concludes that splenectomy may be of value in cases of primary 
acquired hemolytic jaundice and that the use of blood transfusions may 
induce dangerous reactions. He has frequently observed that the inten- 
sity of the jaundice failed to parallel the severity of the anemia. 

Haden '** classifies hemolytic anemias into two main groups, those 
characterized by intravascular destruction of erythrocytes and those 
dependent on increased removal of abnormal red cells by the spleen. In 
this classification disordered splenic function is disregarded but is men- 
tioned subsequently as a remote possibility in occasional cases. Accord- 
ing to the author, in all patients with evidence of increased red cell 
destruction certain special studies are indicated. These include estima- 
tion of spherocytosis by diameter and thickness measurements ; tests for 
hemoglobinemia and hemoglobinuria; efforts at discovery of plasma 
hemolysins, which Haden says are not related to the spleen and are 
always absent in patients with congenital hemolytic jaundice; observa- 
tion of autoagglutination of erythrocytes, usually apparent in counting 
chamber preparations, and abnormal weakness of erythrocyte stroma, 
as in sicklemia and instances of in vitro spontaneous hemolysis. Haden 
reports 5 cases in which splenectomy was performed for one type or 
another of hemolytic anemia. In a patient with congenital hemolytic 
jaundice the operation was successful. A man aged 21 suffering from 
acute spherocytic hemolytic jaundice with increased erythrocyte fragility 
was not benefited by splenectomy and died. <A patient with sickle cell 
anemia received partial relief after removal of the spleen. The condition 
of a girl aged 11 exhibiting paroxysmal nocturnal hemoglobinuria, or the 
Marchiafava-Micheli syndrome, was net improved by splenectomy, and 
her disorder was attributed by the author to defective erythrocyte stroma. 
A young woman aged 25 suffered with a familial form of hemolytic 
anemia characterized by in vitro spontaneous hemolysis, thought to be 
due to a stroma defect. Removal of the spleen was without effect on the 
hemolytic process. 

Cases of classic congenital hemolytic jaundice illustrating various 
familial and clinical manifestations of the disorder have been reported by 
Dameshek,’** Searls,!*? Branch,’*° Montgomery *** and Hannay.'** 
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Instances of hemolytic anemia are occasionally encountered which are 
difficult to classify, since little is understood of their underlying mecha- 
nism. Such an occurrence, in an Italian woman aged 39 with “target 
cell” anemia, is reported by Eliel and Bayles.’** The patient exhibited 
jaundice, reticulocytosis and splenomegaly, and as previously mentioned 
by Dameshek and Schwartz and by Wintrobe, the features of the dis- 
order resembled those of Mediterranean anemia of children. 


Paroxysmal nocturnal hemoglobinuria was encountered in a woman 
of 43 by Buell and Mettier.’** The authors state: 


After adding the patient’s washed red blood cells to her serum and to normal 
serum a slight degree of hemolysis was observed. When the media were acidified 
with carbon dioxide, the hemolysis was greatly increased. When the serum 
was heated to 56° C., the hemolytic activity was destroyed. It seems apparent 
from these studies that the patient’s red blood cells were sensitized to some lysin 
present in her own serum and in normal serum. 


No complement fixation or Donath-Landsteiner reactions were observed 
in the blood of this patient. A study on a person with a similar type 
of intravascular hemolysis is reported by G. C. Ham and Horack.**’ 
The resistance of the erythrocytes to hypotonic solution of sodium 
chloride was normal. The authors were able to demonstrate by in 
vitro and in vivo tests that the hemolysis was associated with lowered 
fu of the blood and consequently felt that the condition was repre- 
sentative of the Marchiafava-Micheli syndrome, although hemoglobinuria 
was noted only occasionally. They also demonstrated the thermolabile 
property of the plasma substance responsible for the hemolysis. Necropsy 
observations are given. 
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March hemoglobinuria was made the subject of an extensive article 
by Gilligan and Blumgart,’** in which the literature bearing on this 
poorly understood condition is reviewed and 3 cases, which were investi- 
gated in detail, are reported. In all of the cases the patients were young 
men in whom hemoglobinuria developed after various degrees of exercise. 
Two of the subjects exhibited slight jaundice, and in 1 the spleen and 
the liver were palpable. In all of the patients erythrocyte, leukocyte, 
platelet and reticulocyte counts were normal, and the fragility of the red 
cells as tested both by hypotonic solution of sodium chloride and by 
trauma was identical with that of cells from control subjects. No auto- 
agglutination in the cold was demonstrated in these cases, Hemoglobin 
was excreted for one to three hours during an attack, but the amount of 
hemoglobin contained in the urine was always less than 10 per cent of 
the calculated free hemoglobin in the plasma. In this disease jaundice 
and enlargement of the liver and the spleen are rare. The pigment pres- 
ent in the urine is oxyhemoglobin. There is no evidence of impaired 
renal function as measured by the urea clearance test. Exercise and a 
lordotic posture are requisites for the occurrence of hemoglobinuria, but - 
the mechanism of intravascular hemolysis is unknown. The condition 
is benign. 

A case of hemoglobinuria of obscure origin is reported by Altschule 
and Gilligan.’** Their patient was a 77 year old Russian Jew whose 
erythrocyte level fell from 4,700,000 to 2,900,000 per cubic millimeter 
and whose hemoglobin concentration decreased from 94 to 59 per cent 
during a period of approximately three weeks. Hemoglobinuria and 
hemoglobinemia were most marked during the early part of the attack. 
The liver and the spleen were enlarged, and the renal function was 
impaired. By calculation based on the urobilin content of the feces and 
the plasma hemoglobin values, the authors arrived at the conclusion that 
all of the hemoglobin obtained from red cell destruction during the 
course of the attack was released into the circulation. This phenomenon 
is in contrast to that observed in the more common types of hemolytic 
crisis, in which, in spite of the rapid development of severe anemia, there 
is no evidence of intravascular hemolysis. No abnormalities of the eryth- 
rocytes were found in this patient, and spontaneous recovery was com- 
plete. 
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Just before his death Lederer '** described a type of sporadic acute 
hemolytic anemia, occurring in Baghdad, Iraq, and characterized by 
abrupt onset, abdominal pain, vomiting, pallor, faintness, rapidly develop- 
ing anemia and a high degree of leukocytosis. Normal erythrocyte fra- 
gility was uniformly present. Of 13 cases encountered, the disease was 
fatal in 1. Transfusions and intramuscular injections of blood, parenteral 
administration of liver extract and the use of epinephrine were found of 
value in the therapy of this condition. Lederer considered that the dis- 
order was similar to favism, and he suspected that it was due to a 
sensitization reaction brought about by contact with flowers blooming in 
the parks of Baghdad. The disease has been observed only in the spring 
and occurs chiefly in children of a fairly definite constitutional type. 

An acute hemolytic crisis occurring in a man aged 54 was observed 
by Hargraves and his associates.’*® The attack occurred one week after 
an uneventful operation for a ureteral stone. The interesting feature of 
the case was the evidence of active erythrophagocytosis by monocytes, 
macrophages and neutrophils. There was rapid development of anemia, 
reticulocytosis, hyperbilirubinemia and a high degree of leukocytosis. 
Within twenty-four hours after transfusion of blood signs of red cell 
destruction disappeared, and recovery was subsequently complete. 

A comparative study of the blood on normal subjects and on persons 
who had undergone splenectomy for relief of various conditions is 
reported by Singer and his co-workers.’*® Common changes induced 
by splenectomy include the presence of Howell-Jolly bodies and “target 
cell” erythrocytes, increased resistance of the red cells to hypotonic solu- 
tion of sodium chloride, lowered “hemolytic index,” increased “lysolec- 
ithin” metabolism, leukocytosis and thrombocytosis. To the authors 
their observations indicate that the spleen exerts direct effects on the 
erythrocytes which traverse its sinusoids and indirect effects on the 
hemopoietic cells of the bone marrow. 

A study of the significance of “target cells” was undertaken by 
Bohrod.*** He observed such cells commonly during periods of regen- 
eration after hemorrhage or hemolysis, regardless of the cause. The 
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author demonstrated increased resistance of target cells to hypotonic 
solution of sodium chloride and to 2 per cent acetic acid. He believes 
that this type of erythrocyte is produced by the bone marrow in response 
to the stimulus of blood destruction and that the contention that the target 
cell represents a fundamental defect characteristic of any specific anemia 
is unjustified. 

Singer ‘** describes a method for the expression of the lysolecithin 
content of serum as measured by its hemolytic effect on normal red cells. 
He finds no evidence of increased lysolecithin content of the serum in 
cases of hemolytic jaundice, and he believes that lysolecithin is probably 
not active in the normal destruction of erythrocytes. 

T. H. Ham and Castle '** point out that the spleen in serving as a 
reservoir for red cells induces erythrostasis. With loss of plasma 
erythroconcentration occurs. An analogous condition was produced in 
vitro, with the observation of spherocytosis and increased fragility. 
Erythrostasis was induced in dogs by ligation of the splenic veins and by 
soluble pentobarbital anesthesia. The authors suggest that their obser- 
vations may throw light on the mechanism responsible for the crisis of 
congenital hemolytic jaundice and sickle cell anemia. It is thought that 
infections may act by increasing the plasma content of globulin, with 
consequently greater blood viscosity leading to erythrostasis, erythro- 
concentiation and increased susceptibility to hemolysis. In sickle cell 
anemia a vicious cycle may be inaugurated by decreased oxygen tension, 
which leads to abnormalities of red cell shape with a consequent delay 
in passage through the capillaries that in turn entails still further losses 
in oxygen content, with aggravated sickling, erythrostasis and greatly 
augmented hemolysis. 

’ By the use of red cells “tagged” with radioactive iron Cruz and his 
associates '** showed that the new cells in the circulation are markedly 
less resistant than older cells to the hemolytic action of hypotonic solu- 
tions of sodium chloride. This difference in susceptibility to hemolysis 
disappeared after three to four days. Their observations also indicate 
that old erythrocytes, which have been in the circulation for one hundred 
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and thirty days, are more resistant to hypotonic solution of sodium 
chloride than the red cells of the mean age group. 

On the basis of studies of the lytic action of saponin on rabbit erythro- 
cytes Ponder and his co-workers *** state that the lytic activity of a 
simple lysin in vivo compared to that in the usual in vitro test system 
involves three factors: the effect of the high concentration of cells and 
the presence of serum inhibition in vivo, the fact that lysins are taken up 
by the tissues in vivo and the fact that the lysins may be constantly sup- 
plied in vivo. Taking these factors together, the lytic activity of a lysin 
in the whole animal is probably only about one two-hundredth that 
observed in the usual in vitro test systems. Heilman and Herrell *** have 
shown that gramicidin has a powerful hemolytic action against rabbit’s 
and sheep’s erythrocytes in vitro. 

Gilligan and his associates ‘*" injected stroma-free human hemoglobin 
into the blood stream of 10 normal persons, 3 patients with albuminuria 
due to congestive heart failure and 1 patient with carcinoma of the colon. 
Various toxic reactions were observed after the larger doses. Hemo- 
globin was excreted in the urine by all normal subjects when the plasma 
hemoglobin content was raised above 135 mg. per hundred cubic centi- 
meters. The plasma bilirubin level was elevated after the intravenous 
injection of hemoglobin. 

Hemolytic Anemia Produced by Sulfanilamide and Its Derivatives.— 
Eight cases of hemolytic anemia with 2 deaths following the administra- 
tion of sulfanilamide and 1 case with recovery occurring during treat- 
ment with sulfapyridine (2-[paraaminobenzenesulfonamide ]-pyridine), 
are reported by Craddock.*** In 3 cases in which treatment was with 
sulfanilamide moderate to marked nitrogen retention developed, without 
signs of clinical uremia. The renal lesions in the fatal cases were similar 
to those observed after transfusion reactions. In the presence of acute 
hemolytic anemia associated with therapy with a sulfanilamide compound 
the author believes that the urine should be alkalinized as rapidly as pos- 
sible. Nine cases of acute hemolytic anemia with 6 deaths during 
treatment with sulfanilamide or one of its derivatives were encountered 
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during one year by Fox and Ottenberg.’*® In 4 cases, including 2 which 
terminated fatally, detailed laboratory studies were carried out. Pigment 
analyses were made of erythrocytes which survived hemolysis, serum and 
urine. The surviving red cells were essentially normal, containing little 
methemoglobin or sulfhemoglobin. Samples of serum secured twelve 
to forty-eight hours after the onset of hemolysis contained 0.4 to 1.7 
Gm. per hundred cubic centimeters of three blood pigments : hemoglobin, 
methemoglobin and Fairley’s methemalbumin. Sulfhemoglobin was not 
found. Calculations of the weights of hemoglobin liberated, the amounts 
in the serum after twelve to forty-eight hours and the quantities excreted 
in the urine showed that the body has means of removing rapidly from 
the plasma 500 to 700 Gm. of hemoglobin without the aid of renal excre- 
tion. Shock was a conspicuous feature in these cases. The hemolyzed 
cells represented about 30 per cent of the total blood volume, and this is 
thought to be a possible explanation of the hemolytic shock. Death did 
not appear to be due to the toxicity of the free hemoglobin or to uremia 
from blockage of renal tubules. Transfusions of blood were not of much 
therapeutic value in these cases because of hemolysis of the transfused 
cells. The author suggests that plasma infusions may be preferable to 
transfusions of whole blood in the management of patients with acute 
hemolytic anemia. Additional cases of hemolytic anemia following the 
use of sulfaniiamide or one of its derivatives are reported by Myers and 
Rom,**? Quick and Lord,*** Trier **? and Aulia.'** 

Hemolytic anemia was induced in rats during sulfanilamide admin- 
istration by Antopol and his co-workers.’** After the drug had been 
given for two weeks in a dose of 1 Gm. per kilogram daily the erythro- 
cytes showed a significantly increased resistance to hypotonic solution of 
sodium chloride. 

Erythroblastosis Foetalis and Icterus Gravis Neonatorum.—Probably 
the outstanding contribution of the past year to hematologic knowledge 
and to pediatric practice concerns the elucidation of the etiologic mecha- 
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nism of erythroblastosis foetalis by Levine, Burnham and their collabo- 
rators..°° Their work represents an application of the discovery by 
Landsteiner and Wiener that about 85 per cent of human beings have 
the rhesus agglutinogen in their erythrocytes, whereas approximately 15 
per cent do not. Of 153 cases of erythroblastosis foetalis, 93 per cent 
were shown to be due to isoimmunization of a mother without the rhesus 
agglutinogen in her blood by the rhesus factor in the red cells of the fetus. 
The maternal agglutinins thus formed are able to pass through the pla- 
cental barrier into the fetal circulation and there produce massive agglu- 
tination and destruction of the fetal corpuscles. In such cases, antirhesus 
agglutinins were found in the blood of about 50 per cent of mothers with- 
out the rhesus agglutinogen for as long as two months after delivery. 
The reaction is considered a possible cause of spontaneous abortions. 
The blood of 4 of 5 mothers who had infants exhibiting erythroblastosis 
foetalis or hydrops foetalis or who had been delivered of stillborn 
macerated fetuses was shown to lack the rhesus agglutinogen. In 4 of 
the mothers reactions occurred after blood transfusions, 2 of which 
resulted in the deaths of the mothers. The blood of the donors, 
the husbands and the infants was found to contain the rhesus factor. 
In such circumstances it is believed that the donor’s cells are destroyed 
by the recipient’s immune bodies formed in response to the presence 
of the fetal rhesus agglutinogen. If the presence of the antirhesus 
agglutinin is suspected, the authors recommend a modified cross- 
matching technic to be employed before transfusions are given during the 
course of or for some months after the termination of pregnancy. The 
mixed serum and cell suspensions should be incubated at 37 C. for thirty 
minutes before centrifuging, in accordance with the Landsteiner technic. 
It is suggested that blood examinations should be made soon after birth 
in the case of babies suspected of potential erythroblastosis foetalis, in 
order that life-saving transfusions may be instituted as early as possible. 

Unlike the A and B blood factors, the rhesus factor could not be 
demonstrated in the saliva, sperm cells or seminal fluid of persons with 
the agglutinogen in the blood. Levine and Katzin conclude that it may 
with justification be assumed that the rhesus agglutinogen is limited to 
the erythrocytes. 
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Fifteen instances of erythroblastosis foetalis occurred among 22,209 
infants delivered at the St Louis Maternity Hospital, according to 
Wachter.’ In 20 of 22 cases reported by the author the infants were 
jaundiced at birth. The proportion of males to females was 13 to9. The 
average age of the mothers was 30 years, and their average parity was 4. 
Only 1 of the infants in this series was born of a primigravida. Repeti- 
tion of one or more of the different types of fetal erythroblastosis 
occurred in 46 per cent of the families represented in this survey. The 
mortality of the affected infants was 42 per cent. Danis *** discusses the 
importance of isoimmunization to the rhesus factor in the causation of 
erythroblastosis foetalis and emphasizes the subsidiary effects of hepatic 
dysfunction on the course of the disease. Esch *** regards the anemia as 
primarily of hemolytic origin but also finds disturbed hepatic function 
responsible for the later manifestations of the disorder. 

Two infants with severe icterus gravis were observed at the ages of 
6% and 17 months, respectively, by Sobel.**® Avoidance of fatal out- 
come was attributed to blood transfusion therapy. Neither of the patients 
exhibited stigmas of kernicterus. According to the author, the tetralogy 
of kernicterus consists of opisthotonos, choreoathetosis, extrapyramidal 
spasticity and mental deficiency. 

The incidence of erythroblastosis foetalis is greater than is generally 
recognized, according to Platore.*° He regards the disorder as an 
important cause of infant mortality, accounting for about 5 per cent of 
neonatal deaths. Most observers have found blood transfusions of spe- 
cific value in the treatment of this disorder, but Moore *** reports a case 
with refractoriness to transfusion, but with recovery following the paren- 
teral injection of liver extract. Success has attended therapy with vita- 
min K and bile salts, according to Mayman.'® In 8 of 9 fatal cases of 
icterus gravis with erythroblastosis observed by Rinehart and Smyth ** 
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changes were found in the fetal portion of the adrenal cortex. The 
authors suggest that an unrecognized endocrine abnormality of the 
maternal organism may possess etiologic significance. Cases of erythro- 
blastosis foetalis and icterus gravis are described by Bertrand and Guil- 
bault,’** Vinnecour,’** Lyman,'** Ruiz *** and Stodtmeister.’®* 


Sickle Cell Anemia.—Two hundred and seventy-five Negro patients 
were examined by Tomlinson.’® Eighteen instances of sicklemia were 
detected by the method of Hansen-Priiss, an incidence of 6.5 per cent. 
None of the patients had frank anemia. A woman with anemia from 
bleeding uterine fibromyomas died during the course of operation. She 
was given three transfusions of blood without untoward effects, but the 
fourth was followed by a severe febrile reaction. Sickle cells were 
observed in the vascular system of the tissues removed at operation, but 
necropsy was not performed. Subsequently, the sickling trait was 
demonstrated in the blood of the last-used donor. The author points out 
the possible danger of accidental use in transfusion of blood from a donor 
with sicklemia and the risk of inducing sickle cell anemia by surgical 
procedures on patients exhibiting the sickling trait. 

The complication of pregnancy in patients with sickle cell anemia 
is discussed by Koback and his associates.’*® <A total of 17 cases has 
been reported in the literature, including 6 observed by the authors. 
Five deaths occurred in the complete series, but this figure probably 
bears little relation to the actual mortality, since the incidence of preg- 
nancy complicating sickle cell anemia is undoubtedly much higher than 
is indicated by the small number of reported cases, and the fatal instances 
are more likely to be commented on in the literature. The authors 
describe women with sickle cell anemia as being usually thin and under- 
developed, suffering frequent attacks of joint, muscle and vague 
abdominal pains with nausea and vomiting and being unusually sus- 
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ceptible to infections of the respiratory tract. Jaundice and ulcers of 
the legs are common, and cardiorespiratory symptoms are frequently 
associated with severe anemia. During gestation hypertensive or pre- 
eclamptic toxemia is often observed. Puerperal septic morbidity is 
frequent. Pregnancy apparently has an unfavorable effect on a woman 
with sickle cell anemia. The prognosis for the fetus is poor. Abortions 
and stillborn macerated infants are common. Repeated use of blood 
transfusions is beneficial in carrying pregnancy to successful completion 
in the presence of sickle cell anemia. 

The case of a 12 year old girl suffering with sickle cell anemia who 
experienced sudden hemiplegia and recovered is reported by Younge 
and MclIntosh.’7* A Negro boy aged 12 with both sickle cell anemia 
and acute rheumatic disease was observed by Walker and Murphy.'” 
After many transfusions had been given, a cerebral hemorrhage 
developed and the patient died. Necropsy failed to reveal the source 
of the hemorrhage. There was no evidence of generalized vascular 
disease or of thrombosis, but focal areas of ganglion cell loss were present 
in the gray matter. A possible connection between the large number of 
transfusions and the occurrence of the cerebral hemorrhage is mentioned 
by the authors. 

Two fatal cases of sickle cell anemia are reported by Vance and 
Fisher.*** In 1 case the patient was a boy of Greek parentage, who died 
at the age of 6 years. The other fatality occurred in a Negress aged 49, 
and death was attributed to fat embolism in the lungs, kidneys, myo- 
cardium and brain. The source of the fat was believed to be the bone 
marrow. 

Unusual bone changes in the metacarpals and phalanges of a Negro 
infant with sickle cell anemia were observed by Danford, Marr and 
Elsey.1** The changes were abrupt in onset and consisted of irregular 
areas of decreased density involving the medial cavity, the cortex and 
the periosteum. There was thickening of the periosteum along the shafts 
of the bones. The lesions resembled those caused by syphilis or 
tuberculosis, but during a period of four months they gradually and 
completely disappeared. Hyperkeratotic plaques, not considered typical 
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of any known disease, were observed by Smith and Lewe *** on both 
thighs and the left leg and ankle of a 39 year old Negro with sickle cell 
anemia. A case of sickle cell anemia with ulcer of the ankle in a Negress 
aged 39 is reported by Ebert.1*® <A patient with sickle cell anemia 
received arsenical therapy for secondary syphilis without manifesting 
signs of intolerance to the drug employed, according to Tiant and 
Morales Coello.*** Four patients with sickle cell anemia were treated 
by Vryonis *** by the intravenous injection of 20 cc. of liver extract. 
In 1 case a favorable hematologic response was obtained, which the 
author attributes to the liver therapy employed. 

Erythroblastic (Cooley's) Anemia.—A series of 15 cases of Cooley's 
anemia is reported by Pierce.'** There was no favorable response to 
any form of treatment employed. The author submits evidence that 
adults who are potential transmitters of the disease may be detected by 
the performance of erythrocyte fragility tests and the discovery of 
abnormally resistant red cells. 

Several articles dealing with erythroblastic anemia have been pub- 
lished by Acufia,’®® one with an associate. He reports 11 instances of 
the disease and discusses possible etiologic factors and the effects of 
therapy, particularly splenectomy. The presence of syphilis, tuber- 
culosis, malaria or leishmaniasis in the parents of the affected children 
was excluded. The ancestors of the patients had been inhabitants of 
the Mediterranean area. Abnormalities in form and size of the erythro- 
cytes were observed in the mothers of 2 of the patients. The author 
believes that the disease is caused by an inherited absence of some factor 
necessary for the normal development of the erythrocyte. Splenectomy 
was performed on 2 children, with apparent temporary improvement, 
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but ultimately both died of the anemia, Transfusions were found of 
value in reducing the susceptibility to infection. Acufia believes that 
the course of erythroblastic anemia is adversely affected by progressive 
hepatic damage. He has demonstrated the deposition of pigment at 
the periphery of the liver lobules and finds evidence of injury to 
the cells of the interlobular zones caused by persistent jaundice. 
Abnormalities of hepatic function were revealed by the galactose toler- 
ance and the hippuric acid excretion test and by the observation of a 
direct van den Bergh reaction in 3 cases. 

The case of a youth of 19 years with all the features of Cooley’s anemia 
is reported by Smith,’*' who first observed him at the age of 4. A 
brother aged 8 suffers from the same disorder. Both parents and a 
brother of these patients exhibit basophilic stippling of the circulating 
erythrocytes and increased red cell resistance to hypotonic solution of 
sodium chloride. The author believes that these nonanemic relatives 
with abnormal red cells are carriers of Cooley’s anemia. 

Three patients with Cooley’s anemia were treated by Goldman and 
Malavazos *** with chorionic gonadotropin and vitamin B,. Adminis- 
tration of the former agent was accompanied by elevation of the red 
cell level and erythroid hyperplasia of the bone marrow. The subsequent 
use of vitamin B, appeared to be of some value in maintaining the 
improved status of the peripheral blood. A typical instance of Cooley’s 
anemia with roentgen observations is reported by Wood.1** 


APLASTIC AND REFRACTORY ANEMIAS 


Bomford and Rhoads ?** have emphasized that the efficient use of 
liver and iron as therapeutic agents has brought into prominence a group 
of patients with severe anemia whose course of illness cannot be sig- 
nificantly altered by any known treatment. This therapeutically resistant 
characteristic they employ as the sole criterion of the group of anemias 
for which they propose a new classification based on the changes in the 
bone marrow. They include, in addition to a considerable number of 
other types, the syndromes of aplastic anemia, pseudoaplastic anemia, 
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achrestic anemia, l'anémie maligne intermédiare and leukocytopenic 
leukemia. Excluded from this group are anemias secondary to cancer, 
tuberculosis, lymphogranuloma, nephritis, cirrhosis of the liver, sepsis, 
infective endocarditis and frank leukemia. Their classification of 58 
cases of anemia which proved resistant to all forms of treatment except 
blood transfusions comprises the four following groups, based on the 
histologic appearance of bone marrow obtained either by sternal aspira- 
tion during life or at necropsy: 


1. Pseudoaplastic anemia, characterized by a partly mature cellular 
marrow. In this group, the marrow differed the least from normal, 
symptoms were relatively mild, the illness was sometimes of long dura- 
tion and spontaneous remissions were not uncommon. Leukocytopenia 
and thrombopenia were inconspicuous or absent, and hemorrhages and 
infections occurred infrequently. Pigmentation of the skin was occa- 
sionally noted and, less frequently, hemochromatosis. In some cases 
this type of anemia appeared to be a temporary phase in the develop- 
ment of other disorders of the hemopoietic system. 


2. Aplastic anemia with a hypoplastic marrow. In this group, as 
compared with group 1, the duration was shorter, such symptoms as 
hemorrhage were more severe and spontaneous remissions occurred less 
frequently. Leukocytopenia and thrombopenia were present in all cases. 


3. Chronic granulocytopenia with immature cellular marrow. The 
average duration of the illness was short, and the most prominent clinical 
feature was the occurrence of areas of necrosis and infection, particularly 
in the neighborhood of the mouth and the anus. 


4. Myelosclerosis with fibrosis, sclerosis and giant cell hyperplasia. 
The illness was of relatively brief duration and the outcome uniformly 
fatal. The most prominent clinical feature was a progressive and 
considerable enlargement of the spleen and the liver. It is emphasized 
that the onset of a remission in a refractory anemia is usually heralded 
by an increase in the white cell count, the color index and the mean 
corpuscular volume. Remissions may be partial or complete. When 
they are incomplete, the blood picture may resemble closely that seen 
in the mild macrocytic anemia of hepatic disease. 

A second most comprehensive and valuable article is presented by 
3omford and Rhoads ?** on the etiology and treatment of refractory 
anemia. According to them, race, sex, age and family history do not 
appear to have any influence on the occurrence of the disease. In their 
group of patients, such anemia rarely occurred before 20 or after 60 
years of age. Their observations suggest that there might be some 


185. Bomford, R. R., and Rhoads, C. P.: Refractory Anaemia: IJ. Etiology 
and Treatment, Quart. J. Med. 10:235, 1941. 
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association with this type of anemia and eunuchoidism, menstruation 
and the menopause. It is of interest to note that achlorhydria apparently 
does not play a role in the causation of this disease. Of great importance 
from an etiologic standpoint is the evidence that 24 of the 66 patients 
studied were exposed to a potentially toxic substance, such as ,benzene, 
hair dye (paraphenylenediamine type), arsphenamine, radioactive paint, 
roentgen rays and radium and various drugs. Hepatic function tests 
indicated hepatic impairment in 3 patients, and in addition, in 14 of 26 
patients one or another of the three hepatic function tests employed 
gave abnormal results. The authors regard damage to this organ as 
an important factor in the causation of refractory anemia and one which 
merits further investigation. Careful studies indicate that the disturbance 
of pigment metabolism in this condition is similar to that encountered 
in diseases of the liver and unlike that observed in pernicious anemia 
and in hemolytic jaundice. The rate of excretion of bilirubin in the 
feces is increased above normal in some cases in all four types of 
refractory anemia and in one half of the patients examined. The red 
cells in patients with refractory anemia were found to be slightly more 
resistant to lysis by saponin than normal cells. The hemolytic sub- 
stances encountered in the urine of normal persons occur in bound or 
conjugated form in the urine of patients with refractory anemia. A 
study of the excretion of glycuronates and sulfates after a test dose of 
aminopyrine suggests the existence of an abnormality in the process of 
detoxication in patients with refractory anemia. As a working hypothe- 
sis of the causation of this variety of anemia, it is suggested that it may 
be due to a conditioned susceptibility to toxic substances, usually 
exogenous or endogenous aromatic hydrocarbons, associated with hepatic 
dysfunction, a failure of biochemical mechanisms of detoxication and 
the circulation of hemolytic substances. It is considered possible that 
these hemolysins cause either an abnormal form of hemolysis and thus 
an abnormal reaction in the marrow or that they destroy both circulating 
red cells and developing cells in the marrow, thereby producing hyper- 
plasia or other abnormal forms of marrow. The following recommenda- 
tions are made regarding treatment: removal from exposure to toxic 
substances, especially those containing the benzene ring; an adequate 
diet containing meat, fresh fruit, vegetables and milk, with daily supple- 
ments of vitamin B in large amounts (90 to 120 Gm. of bakers’ yeast) ; 
repeated blood transfusions, and splenectomy in some cases. Removal 
of the spleen should be performed in patients who have a marrow of 
the partially cellular type and in whom hemolysis is accelerated, as 
indicated by increased excretion of urobilinogen, a high reticulocyte 
count and the quick disappearance of the effects of transfusion. 
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Doan ?* has written a valuable and practical article dealing with 
the differential diagnosis and treatment of those nonhemolytic states 
which fail to respond to adequate liver or iron therapy. According to 
the author, most of these anemias can be placed in one of two general 
categories, according to the underlying pathologic condition of the bone 
marrow: (1) hypoplastic (aplastic) anemia or (2) myelophthisic 
anemia. The hypoplastic anemias usually involve all of the marrow 
elements, namely, erythrocytes, granulocytes and thrombocytes. The 
diagnosis should be reserved for cases in which decreased marrow 
activity underlies the peripheral blood changes. He discusses at con- 
siderable length the causation of this type of anemia and emphasizes 
that the incidence of idiopathic aplastic anemia is becoming less as the 
number of known chemicals and toxins potentially depressant to the 
marrow increases. Fourteen criteria for the diagnosis of the condition 
are named, as follows: a history of exposure to toxic medicinal or indus- 
trial agents; no weight loss or anorexia; normal basal metabolic rate ; 
hypochlorhydria; minimal adenopathy; no splenomegaly; granulocyto- 
penic leukocytopenia; no immature myelocytes; thrombopenia with 
purpura, an early prominent sign ; normochromic, normocytic anemia ; an 
absolute decrease in reticulocytes ; normal red cell fragility ; high level of 
plasma iron, and panhypoplasia of the sternal marrow. Among the 
etiologic agents, he emphasizes especially the following overwhelming 
infection with various bacteria; industrial chemicals and therapeutic 
agents, such as arsenicals, gold and roentgen rays, and the relation of diet, 
its transformation, absorption and utilization. He also discusses myelo- 
phthisic anemia, which is defined as a slowly progressive anemia due to 
the therapy-resistant gradual invasion of the bone marrow by foreign cells 
at the expense of normal erythropoiesis. Osteosclerosis, plasma cell multi- 
ple myeloma, metastatic carcinoma, lymphosarcoma, Hodgkin’s disease, 
miliary tuberculosis and the subleukemic types of myeloid, lymphoid and 
monocytic leukemia represent the more commonly encountered myelo- 
phthisic entities. He presents the following diagnostic criteria for 
myelophthisic anemia: deep bone pain with nocturnal exacerbations ; 
bone erosion as shown by roentgen examination; loss of weight with 
progressive cachexia; increased basal metabolic rate (leukemias) ; free 
hydrochloric acid present in the gastric secretions, except in carcinoma 
of the stomach; possible presence of Bence-Jones protein in the plasma 
and urine in multiple myeloma; possible presence of granulocytopenia 
with immature myelocytes; presence or absence of invading foreign cells 


186. Doan, C. A.: The Differential Diagnosis and Treatment of Those Non- 
hemolytic Anemic States Failing to Respond to Adequate Liver or Iron Therapy, 
J. Missouri M. A. 38:393, 1941. 








918 ARCHIVES OF INTERNAL MEDICINE 


in the peripheral blood (plasma cells, lymphosarcoma cells, leukemia 
cells) ; late occurrence of thrombopenia with purpuric manifestations ; 
normocytic, orthochromic anemia; frequent increase in reticulocytes 
and possible presence of nucleated red cells in the circulating blood; 
increased sedimentation rate; normal or moderately increased red cell 
fragility, and foreign cell hyperplasia of the sternal marrow. 

Mirick *** considers that recovery from “idiopathic” aplastic anemia 
is rare, and he cites Wintrobe as finding only 6 cases in his review of 
the literature. For this reason he reports what he regards as the 
seventh case of cure. His patient was a 30 year old man who presented 
the classic manifestations of the disorder. The erythrocyte count, when 
first observed, was 1,410,000 per cubic millimeter. The percentage of 
polymorphonuclears was 30, and the platelets numbered 21,150 per 
cubic millimeter. Bone marrow obtained by sternal puncture was 
reported as showing “aplasia of the marrow.’’ The patient displayed 
evidences of secondary thrombopenic purpura, gangrenous stomatitis 
and the effects of severe anemia. During the first eight months in the 
hospital, the course was exceedingly stormy. He received forty-one 
blood transfusions in the first nine months, totaling 20 liters of citrated 
blood. Other therapeutic measures consisted of a high vitamin diet, 
ferrous sulfate, 100 Gm. of raw liver daily and 3 Gm. of brewers’ veast 
daily during convalescence. The patient returned to work “apparently 
cured,” eighteen months after his first entry and twenty-one months after 
the onset of the disease. Although his blood returned to normal in all 
other respects, the reticulocytes persisted at a level between 5 and 10 
per cent for one year, and the platelets have fluctuated between 50,000 
and 150,000 per cubic millimeter. 


AGRANULOCYTOSIS 


As the result of an unfortunate oversight, the important monograph 
on agranulocytosis by Plum,'** published in 1937 and translated into 
English by Anderson, escaped mention in previous reviews. This 
publication of 410 pages is the most authoritative and comprehensive 
discussion of agranulocytosis available and should be consulted by all 
those who are interested in the disease. The bibliography of four 
hundred and twenty-two articles in various languages consists of a care- 
ful compilation of papers dealing with the subject. 


187. Mirick, G. S.: Idiopathic Aplastic Anemia with Recovery, Ann. Int. 
Med. 14:2307, 1941. 

188. Plum, P.: Clinical and Experimental Investigations in Agranulocytosis 
with Special Reference to the Etiology, Copenhagen, NYT Nordisk Forlag, 
Arnold Busck, 1937. 
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Lawrence '** outlines the following possible conditions which may 
contribute to the development of leukocytopenia : 

1. Diminished manufacture of white cells. This may result from 
(a) simple inhibition, () maturation arrest, (c) aplasia of the bone 
marrow and (d) infiltration of the bone marrow with foreign cells. 

2. Increased elimination of white cells. This might occur when 
large quantities of cells are poured into an infected area, such as an 
empyema, or when cells in large numbers are lost through normal 
channels, such as the gastrointestinal tract, the lungs, the spleen or the 
liver. 

3. Increased destruction in the peripheral blood due either to an 
abnormal condition of the white cells or to pathologic substances in 
the circulating blood which cause destruction of the white cells. 

4. Redistribution of the white cells in the vascular channels, such as 
occurs after the injection of foreign proteins. 

5. Redistribution of the white cells in the body as a whole, as is seen 
in leukocytopenic phases of leukemia. 

During a physiologic study of sharecroppers in Mississippi, it was 
noted by Forbes, Johnson and Consolazio’®® that a majority of the 
Negroes had leukocytopenia with related neutropenia, whereas white 
persons living under the same conditions had normal white cell counts. 
The average leukocyte count of 23 Negroes was 4,050 cells per cubic milli- 
meter, whereas the average count of 7 white persons living under the 
same conditions and partaking of the same diet was 7,600 per cubic 
millimeter. Some of the percentages of polymorphonuclears in the 
Negroes were as low as 22 and 34. The administration of iron to 18 
Negroes for twelve to sixteen days produced an increase in the average 
absolute number of neutrophils from 1,546 to 2,700 per cubic millimeter. 
The authors offer the following suggestions as an explanation of this 
effect of iron: These low counts are normal for Negroes, and the metal 
artificially stimulates the bone marrow to a general hyperactivity or 
perhaps irritates the intestines and so causes leukocytosis. Another point 
of view is that the leukocytopenia is abnormal and that the iron or some 
contaminant associated with it makes up a deficiency in the diet. 

Leser ** has written a general article on agranulocytic angina which 
covers adequately the various points in the etiology, diagnosis, pathology, 
prognosis and treatment of the condition. He emphasizes that in addi- 


189. Lawrence, J. S.: Leukopenia: A Discussion of Its Various Modes of 
Production, J. A. M. A. 116:478 (Feb. 8) 1941. 

190. Forbes, W. H.; Johnson, R. E., and Consolazio, F.: Leukopenia in Negro 
Workmen, Am. J. M. Sc. 201:407, 1941. 

191. Leser, R. U.: Agranulocytic Angina, J. Indiana M. A. 34:64, 1941. 
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tion to aminopyrine, dinitrophenol, organic arsenicals, benzene and exces- 
sive irradiation, the sulfanilamide drugs must be included as a cause 
of the disease. For treatment, in addition to general measures, he 
recommends (1) intensive parenteral liver therapy and administration 
of liver by mouth, if possible; (2) repeated daily blood transfusions of 
200 to 300 cc., and (3) pentnucleotide therapy, 10 cc. four times daily 
to be given intramuscularly or intravenously. We agree in general with 
these recommendations but dissent vigorously from advising the injection 
of pentnucleotide intravenously on account of ensuing severe reactions. 

Muether, Moore, Stewart and Broun’ report a case of granulo- 
cytopenia which they attribute to excessive splenic lysis. After splen- 
ectomy the patient made a complete recovery for at least the period of 
observation of fourteen months. According to these authors, this 
syndrome was first described by Wiseman and Doan in 1939 as 
characterized by splenic enlargement, peripheral granulocytopenia and 
myeloid hyperplasia. The mode of production of this disorder is 
strikingly different from that of other types of granulocytopenia, as there 
is excessive destruction of the neutrophils by the macrophages in the 
spleen, and the bone marrow shows myeloid hyperplasia, which is 
regarded as compensatory. Their patient, a woman aged 31, had 
experienced five episodes of acute pain in the left upper quadrant of the 
abdomen, fever and prostration, which was associated with a steady drop 
in leukocytes and finally a complete disappearance of granulocytes from 
the circulating blood. These attacks usually appeared without obvious 
cause, but it is of interest to note that they had also occurred on two 
occasions after the administration of aminopyrine. The diagnosis of 
this syndrome, according to the authors, should not be difficult, as it 
rests on the presence of a hyperplastic bone marrow and an abnormal 
diminution of granulocytes in the peripheral blood. On removal of the 
spleen in this patient, it was found to be three times its normal size 
and to weigh 325 Gm. The most striking feature on microscopic 
examination was the presence of large numbers of neutrophils in the 
splenic pulp which were irregularly distributed and in focal accumula- 
tions. It is known that one function of the spleen is the destruction of 
effete granulocytes. The authors postulate that this syndrome may 
be produced by hyperfunction of the spleen in phagocytosing essentially 
normal neutrophils or that some error in development of the granulocytes 
exists and that as a result they are selectively removed by the spleen. 


192. Muether, R. O.; Moore, L. T.; Stewart, J. W., and Broun, G. O.: 
Chronic Granulocytopenia Caused by Excessive Splenic Lysis of Granulocytes: 
Report of a Case, J. A. M. A. 116:2255 (May 17) 1941. 
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Nordenson and Roden*® present a case of a woman aged 50 
who had the usual picture of chronic arthritis, a chief complaint of 
persistent fatigue and chronic granulocytopenia of four years’ duration. 
The bone marrow showed myeloid hyperplasia which the authors 
attributed to maturation arrest; the spleen was not palpable. During 
the course of four years the patient was treated with nucleic acid 
preparations, liver extract, iron, roentgen rays, etc., which did not 
produce a beneficial effect. On the basis that the patient had a hyper- 
plastic marrow and that splenectomy might release a fuller and more 
effective production of cells in the marrow, this operation was performed. 
After the procedure, there was a prompt and dramatic improvement, 
and when examined four months later, the patient’s blood did not show 
any pathologic changes. Apparently this case is similar to the one just 
described. 

Kopp *** reports the case of a 49 year old man who had pronounced 
leukopenia, as evidenced by a white cell count which was usually below 
2,000 per cubic millimeter, with a polymorphonuclear leukocyte per- 
centage which varied between 45 and 62. The condition was asympto- 
matic during a four year period of observation but terminated in the 
typical clinical picture of agranulocytic angina. Various etiologic pos- 
sibilities were considered, but none was proved. The author believes 
that this supports the theory that agranulocytic angina tends to occur 
in one in whom a bone marrow dyscrasia is already present. 

Davies and Wingfield ** investigated the effect of injections of 
epinephrine on the agranulocytosis which sometimes is associated with 
kala-azar. They cite Zia and Forkner as stating in 1932 that chronic 
granulocytopenia is the rule in kala-azar. The opinion has_ been 
expressed that the anemia of the disease is myelophthisic in nature, and 
Zia and Forkner considered that the extreme leukopenia and the total 
absence of granulocytes in certain cases might be, in part at least, the 
result of this same process. The patient studied by Davies and Wing- 
field had a leukocyte count as low as 1,400 cells per cubic millimeter, 
with 1 per cent polymorphonuclears. He was treated with parenteral 
administration of nucleic acid pentnucleotide and blood transfusion, 
without effect. After subcutaneous injections of epinephrine, however, 


193. Nordenson, N. G., and Roden, S.: Chronic, Malignant Granuiocytopenia 
Treated with Splenectomy, Recovery: Report of Case, Acta chir. Scandinav. 84: 
519, 1941. 

194. Kopp, I.: Chronic Leukopenia with Fatal Termination Due to Agranulo- 
cytic Angina: Case Report, Am. J. Orthodontics (Oral Surg. Sect.) 27:245, 
1941. 

195. Davies, A., and Wingfield, A.: Agranulocytosis in Kala-Azar and Use 
of Adrenalin, Tr. Roy. Soc. Trop. Med. & Hyg. 34:421, 1941. 
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there was a transient increase in the polymorphonuclears, which began 
within a few minutes after the drug was given. They conclude that the 
frequent repetition of epinephrine injections cured the patient, who had 
failed to respond to other forms of treatment. 

A case of unusual interest of sensitivity to aminopyrine is reported 
by Alvarez.'** The patient, a woman aged 30, complained of repeated 
brief attacks characterized by a severe chill, followed by high fever, 
headache and pain in the muscles and joints. She associated these 
episodes with her menstrual periods, but her physician made a diagnosis 
of malaria because she had recently been in the West Indies. Alvarez 
observed the patient in an attack in which the chill was so severe that 
it shook the bed and persisted for an hour. This was followed by a 
rise in temperature to 103 F., after which it soon returned to normal. 
During the febrile episode, the leukocyte count fell to 1,400 per cubic 
millimeter and the lymphocyte percentage rose to 45. The patient 
admitted that she had taken aminopyrine just prior to the attack. A 
discontinuance of the drug was followed by disappearance of the acute 
episodes. According to Alvarez, these symptoms resembled those 
induced by the injection of foreign protein. 

Semon '** reports the case, with recovery, of a 62 year old male 
physician who presented the characteristic clinical picture of agranulo- 
cytic angina after the administration of 7.6 Gm. of “a well known 
sulfonamide preparation.” Rinkoff and Spring*** state that from 
January 1939 to February 1941 in the Bronx Hospital, New York, 768 
patients received sulianilamide and its related compounds. Of these, 
granulocytopenia developed in 5, an incidence of 0.65 per cent. They 
conclude that these drugs may have a toxic effect on the bone marrow, 
and hence their use is contraindicated in minor ailments. Furthermore, 
they caution that frequent blood examinations should be made not only 
while the drug is being given but for five to ten days after it has been 
discontinued. The authors state, in conclusion, that while a small dose 
may cause leukocytopenia or fatal agranulocytosis, the toxic effects on the 
bone marrow usually manifest themselves after prolonged use. Gold- 
man, Applebaum and Antopol '** report 2 fatal cases of agranulocytosis 


196. Alvarez, W. C.: Chills and Fever Produced by Amidopyrine, Proc. Staff 
Meet., Mayo Clin. 16:760, 1941. 

197. Semon, H. C.: Agranulocytosis with Angina Following Sulfonamide 
Treatment, Brit. M. J. 2:668, 1940. 

198. Rinkoff, S. S., and Spring, M.: Toxic Depression of the Myeloid Ele- 
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Int. Med. 15:89, 1941. 

199. Goldman, L. M.; Applebaum, I., and Antopol, W.: Malignant Neutro- 
penia Following the Use of Sulfapyridine, Am. J. Clin. Path. 11:810, 1941. 
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following the administration of sulfapyridine and present pertinent infor- 
mation abstracted from the literature. An analysis of data obtained from 
30 published cases (including the 2 just mentioned) shows that 43 per 
cent of the patients in whom agranulocytosis developed after the adminis- 
tration of sulfapyridine had discontinued the drug and then reinstituted 
its use. Of the remaining patients, 37 per cent received continuous 
treatment for ten or more consecutive days, and only 20 per cent received 
the drug for less than ten consecutive days. Of the 12 previously 
reported fatal cases, in only 1 was the patient exposed to the drug for 
less than ten days. It is considered by the authors that the occurrence 
of the majority cf cases of agranulocytosis after an irregular or prolonged 
course of drug administration may possibly be explained on the basis 
of an allergic reaction. A case of agranulocytosis and hepatitis following 
the treatment of urethritis with sulfapyridine is reported by Finger.*’° 
The total amount of the drug administered is not given, as it is merely 
cited that he had received “ ‘about 60 tablets of M. & B. 693.’”") Although 
the leukocyte count rose satisfactorily after the injection of pentnucleotide 
solution, the patient died on the fifth day of his acute illness. Morris *°' 
reports a case of agranulocytosis with an onset of acute abdominal pain. 
The patient, a man aged 21, was given 63 Gm. of sulfapyridine in two 
courses over a period of eighteen days as treatment for gonorrhea. Nine 
days after the drug had been discontinued, he experienced acute pain 
in the upper portion of the abdomen which settled in the right iliac 
fossa. The body temperature was 104.8 F. <A diagnosis of acute 
appendicitis was made, and an appendectomy was done. The proximal 
portion of the appendix contained some mucopurulent material, and 
submucous hemorrhages were present for about 1 inch (2.5 cm.) of the 
wall. The pus was examined microscopically and found to contain a 
number of poorly staining mononuclear cells. No polymorphonuclear 
cells were seen. On the following day the white cell count was 800 per 
cubic millimeter, with only 1 per cent granular cells. Recovery followed 
treatment with yellow bone marrow and pentnucleotide. Pearson and 
Lewis °°? report a case of agranulocytosis following the administration 
of 43 Gm. of sulfapyridine in eighteen days. Recovery followed the 
use of sodium nucleinate and pentnucleotide despite the fact that the 
patient had complete agranulocytosis for two days. Three cases of 


200. Finger, A.: Agranulocytosis and Hepatitis Following Sulphapyridine 
Treatment, M. J. Australia 1:760, 1941. 
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202. Pearson, J. E. G., and Lewis, A. A. G.: Agranulocytosis After Sulpha- 
pyridine Therapy, with Recovery, Lancet 2:779, 1940. 
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granulocytopenia are described by Strong,?** in which he attributes the 
condition primarily to infection. One patient, a girl aged 4 months, had 
bilateral otitis media with mastoiditis, and an absolute polymorphonuclear 
count of 600 per cubic millimeter developed. After pentnucleotide was 
administered, the leukocyte count rose to normal. It again fell to an 
abnormally low level following the discontinuance of the drug. A second 
patient, a girl aged 1 year, had an acute infection of the upper respiratory 
tract. The leukocyte count was 2,400 per cubic millimeter, with 38 per 
cent of polymorphonuclears, and the absolute polymorphonuclear count 
fell to 900 cells per cubic millimeter after sulfathiazole (2-[paraamino- 
benzenesulfonamido]-thiazole) was given. The leukocyte count returned 
to normal after the discontinuance of the drug and the administration of 
pentnucleotide. A third patient, a boy aged 8 months, with bilateral 
otitis media, was treated with sulfathiazole ; granulocyiopenia developed, 
as indicated by an absolute polymorphonuclear count of 1,530 per cubic 
millimeter. This depression of the leukocyte count was attributed to 
the infection and the chemotherapy. The white cell count returned to 
normal after injections of pentnucleotide. Subsequently, an infection 
of the respiratory tract developed, and at this time the absolute poly- 
morphonuclear count fell to 400 cells per cubic millimeter. The author 
suggests that particular care be taken in the administration of chemo- 
therapeutic agents to infants whose bone marrow is already depressed 
by infection. The belief is set forth that merely discontinuing the drug 
will cause a return of the polymorphonuclears to normal but that pent- 
nucleotide therapy accelerates the rate of recovery of the bone marrow. 
A case of agranulocytosis in an infant approximately 1 year of age is 
reported by Barlow.*°* The patient was given 1.25 Gm. of sulfapyridine 
on account of acute otitis media and evidence of an inflammatory reaction 
about the left knee joint. Five days after the administration of the 
drug had been begun, the patient was admitted to the hospital, at which 
time it was found that the red cell count was 930,000 per cubic milli- 
meter; the hemoglobin concentration, 18 per cent, and the white cell 
count, 12,000 per cubic millimeter. No granulocytes could be found, 
and 93 per cent of the white cells were small lymphocytes, 5 per cent 
were large lymphocytes and 2 per cent were classified as lymphoblasts. 
It should be noted that there was evidence that the child was anemic 
before the sulfapyridine therapy was instituted. Such a picture suggests 
the diagnosis of lymphatic leukemia. After treatment with pentnucleotide 
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and two blood transfusions, however, the patient made a complete 
recovery and the blood was restored to normal. 

The first report of a case of agranulocytosis following the adminis- 
tration of sulfathiazole was published by Kennedy and Finland.*°* The 
patient was a female aged 38 who was suffering from subacute bacterial 
endocarditis. Toward the end of the third week of treatment with 
sulfathiazole, at which time it was estimated that the patient had received 
approximately 125 Gm. of the drug, the characteristic evidence of acute 
agranulocytosis appeared. Death followed, despite a blood transfusion 
and administration of 10 cc. of liver extract and 30 cc. of pentnucleotide. 
The appearance of characteristic, though mild, rash, followed shortly 
thereafter by high fever, complete absence of granulocytes and a marked 
drop in other leukocytic elements of the peripheral blood, leaves little 
doubt that the patient had acute agranulocytosis resulting from sulfa- 
thiazole therapy, although the patient had also received sulfapyridine for 
two days prior to the use of sulfathiazole. It is stated by Hoyne and 
Larimore *°* that the toxic manifestations following the use of sulfa- 
thiazole have been less than those encountered with some of the other 
derivatives of sulfanilamide. The authors believe that their case is the 
first fatality reported in which agranulocytosis could be attributed to 
sulfathiazole alone. Their patient, a man of 34 years, took an estimated 
100 Gm. during a period of nearly two months as treatment for 
gonorrhea. The characteristic clinical picture of acute agranulocytosis 
was presented by the patient on admission to the hospital, and death 
ensued nine hours later. Pippin *°? reports 2 cases of drug fever and 
1 of agranulocytosis due to sulfathiazole therapy. He states that drug 
fever following the use of sulfathiazole is more common than is generally 
supposed, with an incidence of 6 to 15 per cent in the different series 
reported. This type of fever is an ominous sign as it portends grave 
complications, such as hemolytic anemia, agranulocytosis and toxic 
hepatitis. A cutaneous rash, he points out, is often the first sign of 
toxicity. He emphasizes that acute hemolytic anemia may develop in 
the first twenty-four to seventy-two hours of treatment, and agranulo- 
c\tosis more often occurs after about two weeks. A slowly developing 
anemia over a period of a week is of little consequence. Finally, he 
cautions that the sulfanilamide compounds should not be prescribed for 
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patients outside the hospital unless it is possible to observe them fre- 
quently. 

Granulocytopenia attributable to sulfadiazine (2-[paraaminobenzene- 
sulfonamido]-pyrimidine) therapy had not been noted in the literature 
prior to Jan. 1, 1942. The following case, however, was observed at 
the University of Michigan Hospital.*°* The patient, a man of 70 years, 
had undergone a resection of a gangrenous ileum in a strangulated right 
inguinal hernia twenty-seven days before his death. He received a total 
of 76 Gm. of sulfadiazine during a period of nineteen days, before a fatal 
termination occurred from agranulocytosis. There had been no previous 
administration of sulfanilamide drugs. 


208. Levin, M., and Bethell, F. H.: Fatal Granulocytopenia Developing During 
the Administration of Sulfadiazine, Univ. Hosp. Bull., Ann Arbor 8:30, 1942. 
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CONCENTRATION OF SULFANILAMIDE IN 
BODY FLUID 


To the Editor:—Since the article in the March number entitled “Effect of 
Inflammation on the Concentration of Sulfanilamide in Pleural and Joint Fluids” 
by Raymond Gregory (Arc. Int. Mep. 69:429, 1942) leads to some rather 
startling conclusions, I should like to make a few comments on it. 

It is difficult to understand how a freely diffusible substance like sulfanilamide 
would concentrate in a purulent effusion. Dr. Perrin Long several years ago made 
the same—and to him startling—discovery that the level of the drug in the body 
fluid was extremely high in relation to its level in the blood stream. However, a 
little further investigation soon revealed that the apparently high level in the body 
fluid was due to the procaine hydrochloride used for local anesthesia during 
withdrawal of the fluid. Many persons erroneously assume that because a method 
is described for the determination of sulfanilamide it is necessarily specific. The 
same color reaction can be given by a number of compounds which resemble 
sulfanilamide in their chemical structure. For example, with the method of 
Marshall, Emerson and Cutting, a solution of paraaminobenzoic acid containing 
50 mg. per hundred cubic centimeters will give an apparent concentration of 
37.2 mg. of sulfanilamide per hundred cubic centimeters, and a solution of pro- 
caine hydrochloride containing 50 mg. per hundred cubic centimeters will give 
a color intensity equal to a concentration of 15.5 mg. of sulfanilamide per hundred 
cubic centimeters. The method of Marshall, Emerson and Cutting is therefore 
not specific, and its accuracy in determining the amount of sulfanilamide in the 
blood depends on the fact that compounds giving the same color reaction are 
normally not present. 

Since it is probable that Dr. Gregory used procaine hydrochloride in tapping 
the pleural cavity and the joints in his patients, it seems to me likely that this is 
the main source of error in his work. He may be right, but on the basis of his 
published work his conclusions are open to grave doubt, and they are dangerous 
in that they give a sense of security to physicians who are treating patients with 
serious infections with inadequate doses of sulfanilamide and its derivatives. 


: . 7 Cuarites A. JANEWAY, M.D., Boston. 
Peter Bent Brigham Hospital. i ; 


CHEMICAL FACTORS IN THE FORMATION 
OF GALLSTONES 


To the Editor:—In the November issue (Chemical Factors in the Formation of 
Gallstones, ArcH. Int. Men. 65:1037, 1941) Dr. Louis Bauman and Dr. Joseph 
T. Bashour questioned certain aspects of the investigations reported by us regard- 
ing the solubility of the cholesterol in gallstones. We should like to clarify the 
points raised in their discussion. 

We reiterate that our experiments as well as those of Walsh and Ivy have 
shown that the solvent capacity of bile for cholesterol lies to a great extent, 
although not exclusively, in what has been termed the saponifiable, or “fatty acid,” 
fraction of bile. By the latter term is meant the material obtained by acidifying 
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and extracting with a suitable fat solvent the portion of the bile that has been 
treated with alcoholic potassium hydroxide and from which all of the nonsaponifiable 
matter has been removed. Obviously, bile salts are not present in this fraction, 
designated as the alcohol-soluble saponifiable fraction, after such treatment. 

A second point questioned was the conclusion made relative to the molar con- 
centration of fatty acids, i. e., that in a previous publication (Dolkart, R. E.; Jones, 
K. K., and Brown, C. F. G.: Chemical Factors Concerned in the Formation of 
Gallstones, Arcu. Int. Mep. 62:618 [Oct.] 1938) some of us had stated that since 
there was no apparent correlation between solvent action and molar concentration 
of the different fatty acids, the solvent effect was chiefly a chemical phenomenon. 
This assertion was made on the basis that the solvent effects ascribable to physical 
and mechanical action alone had been shown to be negligible when the data were 
recalculated in terms of molar concentration. 

With regard to the species differences noted in the incidence of gallstone 
formation, our information based on analyses of ox and hog gallstones indicates 
that their cholesterol content, although not approximating that of human stones, 
nonetheless forms the framework of the stones. 

We cannot account for the lack of agreement between data obtained by Bashour 
and Bauman and our own on the solubility of cholesterol in solutions of bile 
salts. One factor may be the fatty acid complex that is present in many of the 
so-called purified bile salts. It is interesting to note that A. Rosin, whose observa- 
tions are cited by Bauman and Bashour in support of their views, based her con- 
clusions on the solubility of cholesterol in bile salts on data obtained in six 
separate experiments involving the re-use of the same cholesterol gallstone. 

That the solubility studies carried out at 70 C. were not physiologic we are 
quite aware, but the purpose of these in vitro studies was not to duplicate con- 
ditions in the gallbladder, rather to obtain comparable data on the solubility of 
cholesterol in the different fatty acids. At this temperature the difficulty of 
obtaining solutions rather than soapy suspensions was circumvented, and we believe 
the comparable results to be of value. 

The question of cholesterol crystallization in bile has only been opened, not 
answered, by the work of Bauman and Bashour, our own studies or the con- 
tributions of numerous other investigators. From our viewpoint the role of the 
fatty acids in maintaining cholesterol in solution seems at present the most fruitful 


line of investigation. eee MD. 
C. F. G. Brown, M.D. 
K. K. Jones, Pu.D. 
Marie Lorenz, M.S. 


. Chicago. 
Department of Physiology and Pharmacology, Northwestern . 


University Medical School. 

















News and Comment 


American Diabetes Association.—The second annual meeting of the 
American Diabetes Association will be held at Haddon Hall, Atlantic City, N. J., 
Sunday, June 7. The morning program will consist of a business meeting, follow- 
ing a 9 o'clock breakfast, an address by the president, a round table discussion 
presided over by Dr. Herman C. Mosenthal and the showing of an educational 
film on diabetes. At the afternoon session, which will be called at 2 o'clock, six, 
and possibly eight, papers will be presented on subjects related to diabetes. At 
the evening session, following dinner, Dr. William Muhlberg will deliver the 
Banting Memorial Lecture, entitled “An Analysis of Statistics Bearing on Dia- 
betes Mellitus.” 
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Book Reviews 


The Doctors Mayo. By H. B. Clapesattle. Price, $3.75. Pp. 822. Minneapolis: 
The University of Minnesota Press, 1941. 


Whatever the ultimate appraisal of this book on the Doctors Mayo, it is clear 
that Miss Clapesattle has made a notable contribution to medical biography. 
Throughout the eight hundred odd pages of detailed material, which would do 
credit to a standard nineteenth century double-decker, interest never flags. This 
is partly to be credited to Miss Clapesattle’s simple and vivid style, but even 
more to her subject, which contains all the elements of biographic drama. Full 
of color is the description of pioneer days in the Middle West and of country 
practice in Minnesota as built up around the “old doctor.” But the accession of 
the two young physicians—Dr. Will and Dr. Charlie—and the story of the 
development of their monumental achievement become downright thrilling. It is 
especially interesting to have set forth the true account of the tornado and the 
beginnings of St. Mary’s Hospital—events which have become much distorted by 
popular legend—and to learn of the orderly and inevitable flowering of this modest 
project into the vast Mayo Clinic. 

Dr. Will and Dr. Charlie were great men on any count—of this there can be 
no doubt—but one wonders whether Miss Clapesattle has not fallen a little into 
that distemper of which Macaulay accused Boswell and of which other great 
biographers, including Lockhart, Southey, Trevelyan and Harvey Cushing, were 
not entirely free. 

It is a pity that in listing the achievements of the Mayo Clinic more critique 
is not exercised at some points. In the reviewer's mind, to mention one example, 
the less said the better about streptococcus vaccine as a prophylactic measure 
against influenza. Also in tracing the development of the personnel of the institu- 
tion one is surprised, in view of the enumeration of many lesser lights, to find no 
mention of several staff members for years outstanding in internal medicine, whose 
work has redounded greatly to the reputation of the Clinic. 

To the reviewer the earlier history of the doctors is the most vivid and 
exciting part; despite their later astonishing achievements, a feeling that things 
are less real, that Dr. Will and Dr. Charlie are already legendary figures creeps 
in. One is almost disappointed to find them in grand but perfectly conventional 
surroundings, to read of yachts and winter homes in Tucson; of secretaries 
galore, and of chauffeurs who follow along the river bank with the motor to 
rush the doctor home to Rochester in case of an important call. 

Finally, Miss Clapesattle is to be congratulated on the interesting way in 
which she has intertwined the personal story of the Mayos with the history of 
modern surgery. This makes good and useful reading for every physician and 


medical student. 
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